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. BACKGROUND OF THE INVENTION 

Thi* appCcctfon it a continuttion in part ol PCT Appi cation WD8TA12671, filad Octotoar 27.1M.^aeii 
in a continuation in pad o» Application Serial No. 783.960. filed November 1.1985. the contents of ehich art 
t hartin My incorporated by reference. 

Field ot the Invention 

•Rea invention relate* to recombinant DNA method* o» preparing immunoglobulin*, genetic ce«ance* 
re codng therefor, as well as methods ol obtaining such sequence*. 

Bacfcgiound Art 

The application of caO-to-caH fusion for the production of monoclonal antibodies by Kohler and fiWste in 
te (Nature (London), 256: 485. 1975) has spawned a revolution In biology equal in impact to the Invenfan of 
recombinant ONA cloning. Hybridoma-produced monoclonal antibodies are already widely use d In rfcic al 
diagnoses and basic scientific studies. Applications of human B cell hybridom*-produced monoclonal 
antibodies hold great promise for the clinical treatment of cancer, viral and microbial infection*. B cell 
immunodeficie n cies with diminished antibody production, and other diseases and disorder* of the ImiTMie 
jo system. 

Unfortunately, yields of monoclonal antibodies from human hybridoma ceil lines are relatively tow (1 
ugrtnl in human x human compared to 100 ugftnl in mouse hybndomas). and production costs are hijfi lor 
antibodies made in Large scale human tissue culture. Mouse x mouse hybridomas. on the other hand, are 
useful because they produce abundant amounts of protein, and these cell tines are more stable than the 
2 $ human fines. However, repeated injections of “foreign* antibodies, such as a mouse antibody. In humans, 
can lead to harmful hypersensitivity reactions. 

There has therefore been recent exploration ol the possibility of producing antibodies having the 
advantages of monoclonals from mouse-mouse hybridomas. yet the species specific properties of human 
monoclonal antibodies. 

ao Another problem faced by immunologists is that most human monoclonal antibodies (i.e.. antibodies 
having human recognition properties) obtained in cell culture are of the IgM type. When it is desirable to 
obtain human monoclonals of the IgG type, however, it has been necessary to use such techniques as cell 
sorting, to separate the few cells which have switched to producing antibodies of the IgG or other type from 
the majority producing antibodies of the IgM type. A need therefore exists for a more ready method of 
35 switching antibody classes, for any given antibody of a predetermined or desired antigenic specificity. 

The present invention bridges both the hybridoma and monoclonal antibody technologies and provides 
a quick and efficient method, as well as products derived therefrom, for the improved production of chimeric 
human/non-human antibodies, or of "class switched - antibodies. 

W) INFORMATION DISCLOSURE STATEMENT" 

Approaches to the problem of producing chimeric antibodies have been published by various authors. 

Morrison, S. L et a).. Proc. Natl. Acad. Sd., USA €H: 6851-6655 (November 1984). describe the 
production of a mouse-human antibody molecule of defined antigen binding specificity, produced by joining 
4 S the variable region genes of a mouse antibody-producing myeloma cell fine with known antigen binding 
specificity to human immunoglobulin constant region genes using recombinant DNA techniques. Chimeric 
genes were constructed, wherein the heavy chain variable region exon from the myeloma cell tine SI07 weti 
joined to human IgGl or IqG 2 heavy chain constant region exons, and the fight chain variable region exon 
from the same myeloma to the human kappa fight chain exon. These genes were transfected in to mou se 
so myeloma cell fines and transformed cells producing chimeric mouse-human antiphosphochofine antibodies 

were thus developed. _ ._ 

Mom son, S. L et tl.. European Patent Publication No. 173494 (published March 5.. 1988). tfsctose 
chimeric "receptors" (e.g. antibodies) having variable regions derived from one species and constant 
regions derived from another. Mention is made of utilizing cDNA cloning to construct the genes, atlhoigh no 
55 
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dwtoita of cONA cloning or priming w* shown, (m pp 5. 7 and 8). 

BouKartne. G. L to sL. Nsturs , 312; 643 (Docambor 13, 1984). also proOicad artftxxtas eontotoing of 
mouw variabio regionTjtonad to human constant ragions. They c ontoructod hisnueglobufin ganaa to which 
toe DNA s e gm e n t s encoding mouse wiabto region s specific for toe hapten tisstrophenyl (TW) were Joined 
s to segments encoding human mu and kappa constant regions. These cMmeric genes were e qyesao d as 
functional TNP binding chimeric IgM. 

For a commentary on the work of BouSanna at ai. and Morrison at to . see Mavo. Watee . 312 597 
(December 13. 1984), Dickson. Genetic Engineerit^Hewe, 5. No. 3 (March 1986), or Marx Soence . 229 : 
455 (August 1985). 

to Neuberger, M. S. at al.. Nature . 314: 268 (March 25. 1988). also eonstwcted a chimeric heavy chain 
toununogtobufin gene iTwFifch a dKia segment encoding a mouse varisbie region specifi c tar toe hapte n 4» 
hydroxy-3-rktrophenacetyf (NP) was Joined to a segment encoding toe human apsfcm region. When this 
ch i meric gene was trs ns fectad into the J558L ceB Gne. an antibody was prtxtoced which board to the NP 
hapten and had human IqE properties. 

is Neuberger. M S. et a)., have also pubfished work showing the preparation of cell fine* that secrete 
hapten-specific antJboSsiln which the Fc portion has been replaced either with an active enzyme moiety 
(Williams. Q. and Neuberger, M S. Gene 43319. 1986) or with a polypeptide disptaytng c-myc antigenic 
determinants (Nature, 312:604, 1984). 

NeubergerTT^eflL PCT Publication WO 86/01S33. (published March 13. 1988) afco dsdoee 
20 production of chimeric"55tibodies (see p. 5) and suggests, among the technique’s many uses the concept 
of *ctass switching* (see p. 0). 

Taniguchl. M. f in European Patent Publication No. 171 496 (published February 19. 1985) discloses the 
production of chimeric antibodies having variable regions with tumor tpedficty derived from experimental 
animals, and constant regions derived from human. The corresponding heavy and fight chain genes are 
73 produced in the genomic form, and expressed in mammalian cells. 

Takeda. S. et al., Nature. 314: 452 (April 4. 1985) have described a potential method for the 
construction of chimeric immunoglobulin genes which have intron sequences removed by the use of a 
retrovirus vector. However, an unexpected splice donor site caused the deletion of the V region leader 
sequence. Thus, this approach did not yield complete chimeric antibody molecules. 

» Cabilly. S. et al.. Proc. Nall. Acad. Sci.. USA, 81: 3273-3277 (June 1984). describe plasmids that direct 
the synthesis inETcofi of heavy chains and/or tight chains of anti-carcinoembryonic antigen (CEA) antibody. 
Another plasmid"waTconstrucled for expression of a truncated form of heavy chain (Fd’) fragment in E. cofi . 
Functional CEA*binding activity was obtained by in vitro reconstitution, in E. coti extracts, of a portion of the 
heavy chain with tight chain. 

35 Cabifiy. S.. et al.. European Patent Publication 12S023 (published November 14. 1984) describes 
chimeric immunoglobulin genes and their presumptive products as well as other modified forms. On pages 
21. 28 and 33 it discusses cONA cloning and priming. 

Boss, M. A., European Patent Application 120694 (published October 3. 1984) shows expression in E. 
cofi of non-chimeric Immunoglobulin chains with 4-nitrophenyl specificity. There is a broad description of 
40 chimeric antibodies but no details (see p. 9). 

Wood. C. R. et al.. Nature. 314: 446 (April. 1985) describe plasmids that direct the synthesis of mouse 
anti-NP antibody proteins In yeast Heavy chain mu antibody proteins appeared to be glycosylated in the 
yeast celts. When both heavy and light chains were synthesized in the same cell, some of toe protein was 
assembled Into functional antibody molecules, as detected by anti-NP binding activity in soluble protein 
45 prepared from yeast cells. 

Alexander. A. et aL Proc. Nat. Acad. Sd. USA . 79: 3280-3264 (1982). describe the preparation of a 
cONA sequence coding for an abnormally short humanTg gamma heavy Cham (OMM gamma 3 HCO serum 
protein) containing a 19- amino acid leader followed by the first 15 residues of the V region. An extensive 
internal deletion removes the remainder of the V and the entire C*1 domain. This is cONA coding for an 
so internally deleted molecule. 

Dolby. T. W. et al., Proc. Natl. Acad. Sci.. USA. 77: 6027-6031 (1980), describe the preparation of a 
cDNA sequence and” recombinant plasmids containing the same coding for mu and kappa human 
immunoglobulin polypeptides. One of the recombinant DNA molecules contained codons for part of the CH> 
constant region domain and the entire 3* noncoding sequence. 

55 Seno. M. et al., Nurfeic Acids Research. 11: 719-726 (1983). describe the preparation of a cDNA 
sequence and Tecom tenant plasmids containing toe same coding for part of the variable region and all d 
the constant region of the human IgE heavy chain (epsilon chain). 
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Kuroktwa, T. et aL Wd. VY: 9077*306$ (1063). thow the construction, using cOKA, of Vte* eapresriun 
pUsmcds coding lor the cons ta nt portion of (ho hunen IqE heavy chain. 

Liu. F. T. et Proc. Not Acad. So., USA . 61: $360-5373 (Septomb*' 1884). describe f» prapentfon 
of a cDNA sequence and recombinant plasmids containing the same encoring about tw o -third a of 0* CH*. 
s and afl of the Ch 3 and C*4 domains of human kgE heavy chain. 

Tsujknoto. Y. et a).. Nucleic Adds Rea. . 12: 8407-8414 (November 1004). d es c ri be the preparation of a 
human V lambda c6Ra sequence from an~lg lambda-producing human Burirftt ly mp ho m a cel fine, by 
taking advantage of a cloned constant region gene as a primer lor cDNA synthesis. 

Murphy. J., POT Publication WO 83/03971 (pubfished November 24. 1883) discloses hybrid proteins 
ro mads of fragments comprising a toxin and a ceiHpeafic figand (which is suggested as possMy being an 
antibody). 

Tan. et ai .. J. Immunol . 135:6564 (Nove m ber. 1985). obtained e xp r es si on of a chimeric taman-mouee 
immunogtobufln genomic gene after transfection into mouse myeloma cells. 

Jones. P. T„ et al „ Nature 321 $52 (May 1890) constructed and expre sse d e genomic construct wham 
is COR domains of variable regions from a mouse monoclonal antibody were used to subeStute lor fm 
corresponding domains In a human an t ib ody. 

Sun. LK., at ai., Hybridoma 5 suppt. 1 S17 (1866). des c rib e s a chimeric humanftnouse antibody wfe 
potential tumor spedficty. The chimeric heavy and fight chain genes are genomic c o ns tructs and e x pr ess ed 
in mammalian cells. 

30 ' Sahagan et at.. J. Immun. 137:1066-1074 (August 1886) describe a chimeric antibody with s podfoty id 
a human tumor associated antigen, the genes for which are assembled from genomic sequences. 

For a recent review of the field see also Morrison. S.L, Science 229: 1202-1207 (September 20. 1805) 
and Oi, V. T.« et at.. BloTechniques 4:214 (1988). 

The Oi, et a)., paper is relevant as it argues that the production of chimeric antibodes from cDNA 
is. constructs in yeast and/or bacteria is not necessarily advantageous. 

See also Commentary on page 835 in Biotechnology 4 (1986). 

SUMMARY OF THE INVENTION 

oo The invention provides a novel approach for producing genetically engineered antibodies of desired 
variable region specificity and constant region properties through gene cloning and expression of fight and 
heavy chains. The cloned immunoglobulin gene products can be produced by expression in genetically 
engineered organisms. 

The application of chemical gene synthesis, recombinant DNA cloning, and production of specific 
35 immunoglobulin chains in various organisms provides an effective solution for the efficient large scale 
production of human monoclonal antibodies. The invention also provides a solution to the problem of class 
switching antibody molecules, so as to readily prepare immunoglobulins of a certain binding specificity of 
any given class. 

The Invention provides cDNA sequences coring for immunoglobulin chains comprising a constant 
40 human region and a variable, either human or non-human, region. The immunoglobulin chains can either' be 
heavy or tight. 

The invention also provides gene sequences coding for immunoglobulin chains com p ris i ng a cDNA 
variable region of either human or non-human origin and a genomic constant region of human origin. 

The invention also provides genes sequences coding for immunoglobulin chains with secretion signal 
as sequences of prokaryotic or eukaryotic origin. 

The invention also provides sequences as above, present in recombinant DNA molecules, especially in 
vehicles such as plasmid vectors, capable of expression In desired prokaryotic or eukaryotic hosts. 

The Invention also provides a gene sequence having a single bacterial promoter coring a riristrorac 
message lor the expression of multiple heavy and fight chains, 
so The invention also provides consensus sequences and specific oligonucleotide sequences usefti as 
probes for hybridization and priming cDNA synthesis of any hybridoma mRNA coding for variable regions 
of any desired specificity. 

The Invention provides hosts capable of producing, by culture, chimeric antibodies and methods of 
using these hosts. 

$s The invention also provides chimeric immunogiobufin individual chains, whole assembled molecules, 
and immunogiobufin fragments (such as Fab) having human constant regions and non-human variable 
regions, wherein both variable regions have the same binding specificity. ^ 

Among other immunogiobufin chains and/or molecules provided by the invention are: • 
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(a) a c o m plete functional. immunogtobufin motocuia comprising: 

<i) two identical chimeric heavy chains compri si ng a non-human variable region and foanan co ns tant 
region and 

(H) two identical all 0 ®* non- chim e ric ) human Eight chains. 

s (b) a complete, functional, knmunogtobufin molecule comprising: 

0) two identical chimeric heavy chains comprising a non-human variable region and a human const an t 
region, and 

(5) two identical all (i.a. non-chtmeric) non-human Sght chains. 

(c) a monovalent antibody. La., a complete, functional tmmunogtobufin molecule comprising: 
to 0) two identical chimeric heavy chains comprising a non-human variable region and a human constant 

region, and 

(if) two d iff erent light chains, only one of which has the same specificity as the variable region of the 
heavy chains. The resulting antibody molecule binds only to one end thereof and is therefore 
incapabla of cfivalent bindmg; 

T9 (d) an antibody with two cfifferent specificities. La., a complete, functional tmmunogtobufin molecule 

comprising: 

(I) two dffferent chimeric heavy chains, the first ont of which comprises s non-human variable region 
and a human constant region and the second comprises a different non-human variable region, and a 
human constant region, and 

to (K) two different chimeric fight chains, the first one of which comprises a non-human variable region 

having the same spec i ficity as the first heavy chain variable region, and a human constant region, and 
the second comprises a non-human variable region having the same specificity as the second heavy 
chain variable region, and a human constant region. 

The resulting antibody molecule binds to two different antigens. 

« The invention also provides for the production of functionally active chimeric immunogtobufin fragments 
secreted by prokaryotic or eukaryotic hosts or fully folded and reassembled chimeric immunogtobufin 
chains. 

Genetic sequences, especially cDNA sequences, coding for the aforementioned combinations of 
chimeric chains or of non-chimeric chains are also provided herein. 
x The invention also provides for a genetic sequence, especially a cDNA sequence, coding for the 
variable region of an antibody molecule heavy and/or light chain, operabty linked to a sequence cocfing tor a 
polypeptide different than an immunoglobulin chain (e g., an enzyme). These sequences can be assembled 
by the methods of the invention, and expressed to yield mixed-function molecules. 

The use of cDNA sequences is particularly advantageous over genomic sequences (which contain 
as introns), in that cDNA sequences can be expressed in bacteria or other hosts which lack RNA splicing 
systems. 

Among preferred specific antibodies are those having specificities to cancer-related antigens. 

BRIEF DESCRIPTION OF THE FIGURES 

40 

RGURE 1 shows the DMA rearrangements and the expression of immunoglobulin mu and gamma 
heavy chain genes. This is a schematic representation of the human heavy chain gene complex, not shown 
to scale. Heavy chain variable V region formation occurs through the joining of V M . D and Jh pone 
segments. This generates an active mu gene. A different kind of DNA rearrangement called "class 
45 switching* relocates the joined V„, D andJ* region from the mu constant C region to another heavy chain 
C region (switching to gamma is diagrammed here). The scheme empahsizes that the J region is a 
common feature of all expressed heavy chain genes. The J region is also a common feature of expressed 
fight chain genes. 

FIGURE 2 shows the known nucleotide sequences of human and mouse J regions. Consensus 
so sequences for the J regions are shown below the actual sequences. The oligonucleotide sequence below 
the mouse kappa J region consensus sequence is a Universal Immunogtobufin Gene (UIG) ofigonucleotide 
which is used In the present invention. 

RGURE 3 shows a scheme noting the use of the UIG ofigonucleotide primer for the synthesis erf cDNA • 
complementary to the variable region of immunoglobulin messenger RNA. or the use of ofigo-dT as a 
55 primer for cDNA synthesis, followed by in vitro mutagenesis. 

RGURE 4 shows the synthesis and analysis ol human IgGt genes, including three isolated clones 
(A.b), one of which (pGMH-6) is utilized as a cloning vector (8). A 1.5 kb deletion^ pBR322 sequence 
between Bam HI and Pvull is marked. Not to scale. 
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FIGURE 5 show* tm cloning vector p023. a modlflacJ ** ***" 

TO, vector .!so can** the wefd The Figure atso 

«-"? *. ^ ^ 

FIGURE 7*o~s ■» **"" <*•<** ■*" *""* 

m 5 as: 

rr* 5 :^r^s^-ffls 
zsz&'sz ssr-7* - 

“sstfris^is^rijsff v 4-^.p-^ <•—-* « rt ~ d 
‘"SS5T™ £■—» •. ■» !^ n rr^Jzraa ~ 

construction of . heavy chain gone. Stoppled regions snow u ®s 

regions show V "^*^® c0NA c , oni na-expression shuttle vectors tor msmnefan celts. 

FIGURE 10 shows the construction of cONA cloning-excess dS v2-ooo and M8-a*>haftX12. 

■n. plNG2003 «* P.NS2003E » •"»- ' 

sepoM IXM ««• ™>" £„A Pm JsWmL^h tin «CB »1 PWG2MS ml 

pH. and cross-hatched regions indicate »M0 ^ ^ Ones represent pUCl2 DNA. 

PING2003E. thick i*» npx^i PB^2 poorer,, and indices . compWe SV- 

Anows indicate the locations and directions ot 5V-4« eany '«nj‘v ^ 

40 intron sequence. Not to scale. axoression plasmid plNG2006E. Arrows Show 

FIGURE 11 shows the construction of the heavy ch»ne^ress^ P™ P ^ v ^ 

SV-40 promoter locations and directions ot transcription. 

modules, while stippled areas show human C region m “ e f_ heavy chain genes In the egression 

heavy chain genes. The structure of human •gG’ mRNA wd cONA s^ region ^ ^ 

chain constant rog»on cDNA clone pGMH-6 reiKip9oo6E Hatched gene blocks indicate 

P8S13-1 ml pJ3*< l m. — » 

mouse variable region sequences, while ope g B ^ chain var iaWe region in ptNG2006E 

Panel B shows the nucleotide sequence ol the an i- P ^ P ING1202 (See 

ssjS.sr^si-sss 

method on plasmid (open circle) and M13 (closed sequence In fight chrfn clones drived 

FIGURE 13 Show, in panel A the U-C pWG^UE-gpt). The J «tfon 

from plNG2001 (pMACK-3. P ING2013E. plNG2007E. P' NG *> 0 ^^££,0 not predicted by g«m»c 
sequence originating from pK2-3 Is ^^otida orimer (K2-4BCU) used to modify this sequence 

=r:rj:^r^prrprm". - u«—- 

* «.«-*-—£.« sj^srsss 

2BH10 were digested with the enzymes indicated. The «»** c oammt i sequences (pmvHc24 

lanes with the am«mt indicated ^ " A digested with Apal. The 3* Ape! site is 2 bp 

Apal-BamHI). The reference is germ-tine or GM2146 nuNM oige* - - 

ESyondTihe site of pdy(A) addition (3). L6 Vm cDNA ctone The 

FIGURE 15 shows the nucleotide sequence ol the V eg subctones of gene fragments 

sequence was determined by tee by p^Se sequent sequence 

{s *,wn below). Open circles denote amino acid residues confirmed by pepeo eq 

homologous to 0 V1 in the CDR3 region is underlined. o 
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RGUR£ 16 shows 9* nucleotide sequence of the V region of IS V* cONA cfc-r* pL>12* Tbe 
ofigonuctootide primer used for tf te- rir ected mutegenesia Is shown Mow 9» Jk$ wgmwl Open Ml 
denote wnino sod residues confirmed by p eptide sequence. 

FIGURE 17 shows the construction of chimeric L6-V* pka humsn C gsmms 1 *q x wt sion pUsmidi 
s Pane/ (a) shows the sequences of the BAL-31 deletion clones Ml3mpi9“CWett* 4 (O-dsfta 4) and 
M13mpl 9-CHMa 21(0 deft* 21). The S' end of the cDNA done. pK3-Ba. ts d e noted with an arrow. M13 
sequences are undefined. The oGgonucfoobde primer used for this experiment is KMi (5*- 
GACTGCACCAACTGG-T). which primes in FR1 near the mature N terminus. Panel (b) thom% 9m stiatagy 
for site-directed mutagenesis of 1 ug of dories Cl-detta 4 and Odefia 21. each annealed to 20 hq of the 31- 
io mer ofiQonodeotide MJH2-Apal. Complementary strand synthesis with the KJenow firagmert of DMA 
polymerase was at room temperature for 30 min, then 15*C for 72 hours. Transfected phage plaques were 
adsorbed to nitrocellulose, fixed with NaOH. and hybridized to s P-labeAed MJH2-Apal o fi gcra rt eotide at 
65°C. 18 hours, in 4xTB$ (0.6 M NaCI. 0.04 M Tris-HCI (pH 7.4). 0.004 M EOTA) plus 10% dextron suMs. 
Final wash of the filters was at 65*C. 4xSSPE. 0.1% SOS for 15 min. (Mentors. T., et af^ Mofocutor Porting: 
is A Laboratory Manual. 1982). Positive plaques were detected by overnight exposure to kodak XAR film, and 
were directly pidcetF for growth and restriction enzyme anaysis of RF DNA. Mismatches of the MJK2-ApsJ 
oligonucleotide to the mouse ChI are denoted, resulting In the coring changes shown below the 
oligonucleotide. Panel (c) shows the strategy of the substitution of each of the mutagenized L8-V M modules 
for the resident V H of the chimeric expression plasmid pING20l2 to generate piNG21l1 and pfffG2112. 

30 FIGURE 18 shows the construction of the chimeric 18 expression plasmid plNG21l9. The Safi to 
GamHI fragment from plNG2l00 is identical to the Sail to Bam HI A fragment from plNG2012E_ 

FIGURE ifl shows the modification of the V* gene and its use in constructing fight chain and heavy pfcs 
fight chain expression plasmids. 

(a) Deletion of the oGgo d(GC] segment 5* of V* of L8. The oligonucleotide is a 22-mer and contains a 
2 s Sail site. The 3 mismatches are shown. The V* gene, after mutagenesis, is Joined as a Safl- Hind Ul 

fragment to the human C K module. The expression plasmid thus formed is plNG21l8. 

(b) piNG2ii4. a heavy plus tight chain expression plasmid. The expression plasmid plNG2114 contains* 
the L6 heavy chain chimeric gene from p!NG2l1l and the chimeric light chain from plNG2l19 (bold, 
tine). 

jo FIGURE 20 shows a summary of the sequence alterations made in the construction of the Lfi chimeric 
antibody expression plasmids. Residues underlined in the 5* untranslated region are derived from the 
cloned mouse kappa and heavy- chain genes. Residues circled in the V/C boundary result from 
mutagenesis operations to engineer restriction enzyme sites in this region. Residues denoted by small 
circles above them in the L6 heavy-chain chimera also resull from mutagenesis. They are silent changes. 

35 FIGURE 2i shows the 267 V N sequence. The V„ gene contains J M 1 sequences and DSP-2 sequence 
elements. Small circles above the amino acid residues are ihose that matched to peptide sequences. 

FIGURE 22 shows the 227 V L sequence. The V* gene contains J*5 sequences. A 22-mer 
oligonucleotide was used to place a Sail site 5’ of the ATG initiator codon. Small circles above the amino 
add residues are those that matched to peptide sequences. 

40 FIGURE 23 shows the chimeric immunoglobulin gene expression plasmids of the 2H7 specificity. One 
gene plasmids are plNG2l0l (V M .neo). plNG2l06 (V*,neo) and plNG2i07 (V*,gpt). The others are two-gene 
plasmids. Their construction involved the ligation of the larger Ndel fragments of plNG2l01 and plNG2l07 
to linearized plNG2l06 partially digested with Ndel. pHL2-11 and pHL2-26 were obtained from plNG2t0l 
and plNG2l06; pLL2-25 was obtained from plNG2i07 and plNG2l06. 

45 FIGURE 24 shows a summary of the nucleotide changes introduced in the V H and V K in the 
construction of the chimeric plasmids. The cognate V M and V* nucleotide residues in the 5’ end are 
underlined. Circles residues in the J-C junctions are derived from the human C modules. 

FIGURE 25 shows the strategy used to fuse the mature L8 chimeric fight chain sequence to the yeast 
invert*s* signal sequence and shortened PGK promoter. The open double fine represents yeast fnvertase 
so signal sequence DNA. The solid double line represents yeast PGK DNA: -> represents the PGK promoter. -| 
represents the PGK terminal or RF * Replicative Form. plNGl225 was derived by fusing human C» DNA to 
the PGK promoter. plNGl149 was derived by fusing the yeast invertase signal sequence to the yeast PGK 
promoter. (A) shows the strategy for introduction by in vitro mutagenesis of an Aatfl site in the signal 
sequence processing site. (B) shows the DNA sequence of the single-stranded mutagenesis primer and the 
55 corresponding unmutagemzed DNA sequence. (C) shows the strategy used to constrvct a plasmid 
containing the mature fight chain sequence fused to the invertase signal sequence and shortened PGK 
promoter. 
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FIGURE 26 tlvoi 6 m strategy used to fuee 6* mtowt IB <**nrto heavy dn tn ttxf mv to ttoy—rt 
inwtaM signal sequence and shortened PGK promoter. P**G1288 contains the chimeric hoavy amn gene 
wito the variable rag ion from the 2H7 mouse monoclonal antibody (aaa example IV). Al symbeto ara aa 
rMined in legend tor Figure 25. (A) shows the strategy for introduction by in vitro mutagenesi s c« an Sad 
site in the signal sequence processing site. (B) shows the DMA sequence of the sjtgis sSand eU 
mutagenesis primer and the corresponding unmutageniaed DNA sequence. (C) shows the strategy wedto 
construct a plasmid containing the mature heavy chain sequence fused to the Inverts** s^nsi m&m nee 

and shortened PGKpromoter. _,. 

FIGURE 27 slows the strategy used to remove non-yeast 3' untranslated DNA sequences from the la 
chimeric fight chain gene end to construct s plasmid containing the light chain ge ne to ad to the ewerteea 
signal sequence end shortened PGK promoter in which si sequences ara either known by 
analysis or proven to be functional. pBR322NA is derived from p8R322 by deletion of DNA from Ndel to 

Aual. Symbols srs as defined in legend for Figure 25- _ _ 

FIGURE 28 shows the strategy used to remove non-yeast 3' untranslated DNA sequence from the IB 
chimeric heavy chain gene end to construct a ptasmld containing the heavy chain geneto«lto the 
Invertase signal sequence and shortened PGK promoter in which an sequences are either known by DNA 
sequence analysis or proven to be functional. Symbols sre as defined in legend tor F^ ure 2 5. . 

RGURE 29 shows the strategy used to clone the 16 chimeric fight chain gene fused to the erm^aae 
signal sequence and shortened PGK promoter into yeast -E. coli shuttle vectors containin g t» PQ K 
transcription lemninstion-polyadenylation signal, yeast replication sequences, and genes tor setoebon o 
transformants. Symbols are as defined In legend for Figure 25. . _ 

FIGURE 30 shows the strategy used to clone the 16 chimeric heavy chain gene toed to the Invaitase 
signal sequence and shortened PGK promoter Into yeest- E. coli shuttle vectors containin g N PG K. 
transcription termination-polyadenylation signal, yeast replication sequences, and genes tor setoebon 
transformants. Symbols are as defined in legend for Figure 25. 

FIGURE 31 shows a schematic diagram of the structure of human tgGt- 

FIGURE 32(A) shows the strategy used to introduce a stop codon and Bell site into the funge region of 
human gamma 1: (B) shows the DNA sequence of the single-stranded primer used tor m vitro mutagenesis 
ot the gamma-1 hinge region and the corresponding unmutagenized sequence. Vertical arrows represent 
inter-chain disulfide bonds. Symbols are as defined in legend for Figure 25. 

FIGURE 33 shows the strategy used to tuse the 16 chimeric heavy chain gene containing a stop codon 
in the hinge region (Fd chain) to the yeast Invertase signal sequence and shortened PGK promoter. 
Symbols are as defined in legend lor Figure 25. 

FIGURE 34 shows the strategy used to remove non-yeast 3‘ untranslated sequences from the IB 
chimeric Fd chain and to construct a plasmid containing the Fd chain fused to the invertase signal 
sequence and shortened PGK promoter in which all sequences are either known by DNA sequence analysis 
ot proven to be functional. Symbols are as defined in legend for Figure 25. __ 

FIGURE 35 shows the strategy used to clone the U chimeric Fd chain gene fused to the mvertase 
signal sequence snd shortened PGK promoter Into yast- E. coli shuttle vectors coniaim ng the P GK 
transcription termination-polyadenyiation signal, yeast replication sequence, and genes for o 

transformants. Symbols are as defined In legend lor Figure 25. _ 

FIGURE 36(A) shows the nucleotide sequence surrounding the N-terminus of the Erwma ca/atovoro 
pelB gene (lei. S.P.. et al.. J. Bacteriol. (1087. in press)). The Ndel and Haelll sitss us ed m domng are 
shown. The arrow indicates the leader peptidase cleavage site for pedate lyase. .(8) shows the clo ning 
strategy tor construction of the pelB leader cartridge. pSSl004 contains a 1.9 kb Oral fragment doned into 
the Smal site of pUC8. Symbols are defined in the legend for Figure 38. 

FRjURE 37 shows the construction of light chain expression plasmids pRRl77-8. pRRlSO. pRRlSO. ano 

pRR19t. In addition to the plasmids described in the text. Ml3mp18 and ptTl8l were p_8 

contains the mature light chain gene fused directly following the ATG initiation codon ot the artf gene «n 


pTT2 (see Figure 40). _ D1 „ 

RGURE 38 shows the construction of Fd expression plasmids pRR178-5. pRRl88. and pHH w. 

FIGURE 39 shows the restriction maps of the light chain and Fd gene cassette in pFKtOO. p . 
PFK102. pFKl03. and pFK104. These plasmids were constructed as desenbed in the text using PtoOTids 
outlined in Figure 37 and 38. The arrow indicates the (fraction of transcription from the lac 5; 

caratovora and eukaryotic non-coding sequences are shown as open bars. The pejB leader sequence is 
cross-hatched and the closed bar represents the entibody genes Fd and light chain (K). 

FIGURE 40(A) shows the construction of a vector for arabinose inducible Fab expression. Plasmid plT2 
(Mason and Ray. Nucl. Acids Res. 14.5693 (1986)) is a 6431 bp plasmid encoding toe araC gene, toa araB 
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promoter, and a porttoi of 0» araB gene frwn pINGI (Johnston, 3, *l_aj, Qana Hrt34 (1868)) fet a 
derivative of p6R322. An Woo l tits has been engi ne e red at the ATG initiation codon cTia araB gen*. (B) 
s hows (ha I n troduct i on of tielad gene into pFK102. 

s DESCRIPTION OF THE PREFERRED EMBODIMENTS 

INTRODUCTION 

Generally, antibcxfies are composed of two light and two heavy chain molecule*. Light and heavy chains 
to w* divided Into domains of structural and functional homology. The variable regions of br*i Sght (VJ arid 
heavy (V*) chains determine recognition and specificity. The constant region domain* <* *ght ( CJ a nd 
heavy (Ch) chains confer important biologicaJ prope rt ie s such as antibody chain as s i x Mo n. secretion. 

transplacental mobilty. compiemant binding, and the Bke. _ 

A complex series of events leads to immunoglobufine gene expression In B cede. The V re gion gene 
is sequences conferring antigen specificity and binding are located in separate germ feta gen e segments 
called V M . 0 and Jh; or V L and Ji.. These gene segments are joined by ONA rearrang ements to term the 
complete V regions e xp ress e d In heavy and Sght chains respectively (Figure 1). The rearranged, joined (Vi- 
Jv and Vh-O-Jh) V segments then encode the complete variable regions or antigen binding domains of Sght 
and heavy chains, respectively, 
so 

DEFINITIONS 

Certain terms end phrases are used throughout the specification and claims. Tha foMtxmng definitions 
are provided for purposes ol clarity and consistency. 

ss 1 . Expression vector - a plasmid DNA containing necessary regulatory signals for the syrthesis of mRNA 
derived from gene sequences, which can be inserted into the vector. 

2. Module vector - a plasmid DNA containing a constant or variable region gene module. 

3 . Expression plasmid * an expression vector that contains an inserted gene, such as a chimeric 
immunoglobulin gene. 

so 4. Gene cloning - synthesis ot a gene, insertion into DNA vectors; and identification by hybridization and 
■ the like. 

5. Transfection - the transfer ot ONA into mammalian cells. 

6 . Promoter region - a nucleotide sequence which provides a cell with the regulatory se^rences needed 
to express an operably linked ostron or operon. 

as 7. Secretion signal • a polypeptide present at the N-terminus ol a chimeric immunoglotxifin chain useful 
in aiding in the secretion ol the chain to the outside ol the host. Also called 'leadng peptide.* or 
•leader.* 

GENETIC PROCESSES AND PRODUCTS 

40 ... 

The Invention provides a novel approach for the cloning and production ol human antibodies with 
desired specificity. Generally, the method combines five elements: 

(1) Isolation of messenger RNA (mRNA) from B cell hybridoma fines producing monoclonal antibodies 
against specific antigens, cloning and cDNA production therefrom; 

4 $ (2) Preparation of Universal Immunoglobulin Gene (UIG) oligonucleotides, useful as primers andfar 

probes for cloning of the variable region gene segments in the fight and heavy chain mRNA from specific 
human or non-human hybridoma cell fines, and cONA production therefrom; .. 

(3) Preparation of constant region gene segment modules by cONA preparation and cloning, or genomic 

gene preparation and cloning; ^ 

so (4) Construction of complete heavy or Sght chain coding sequences by linkage ofthectoned specific 
immunoglobulin variable region gene segments ot part (2) above to cloned human constant region gene 
segment modules; 

(5) Expression and production of fight and heavy chains in selected hosts, including prokaryotic and 
eukaryotic hosts, either in separate fermentations followed by assembly of antibody molecules in vitro, or 
55 through production of both chains in the same cell. 

The invention employs cloned hybridoma B cell fines producing monoclonal antibodies of defined 
specificity for the isolation of mRNA for cDNA cloning. Because many lymphoid ceTTlines contain highfy 
active nucleases which degrade mRNA during isolation, the invention uses mRNA preparation methods 
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Dtvetoped tor *e ieotatfon Of infect mRNA Uvm cafe «* Soum Miina ac*w _ 

SH!!* pf * P * flti0n * ** e » H » «*•» <W*njpflon to an eftanoH»r**nte dry to* 

w "* “' 2 * -<• OCT,). 1» £». 

Bh-^ 72? 7 !?• **" u " d *» Wa *"•"*» incwe Miration of cells with IWun chloride 

fGNrc££ F " j &och6m - ’07: 903 (t880» or guaredine Wocyrei*!* 

{Ctargwin, J. M. at if, Biochemistry . 18: 5294 (1979)) to prepereTotal RNA. 

-J7 J???!?? * •" •* P ^* ad immun °0 lobutin «QW «n<J h«yy chain gene, «id messang* 
PWAs <* the so<alM J region (!-•- lowing region. tee Figur* t). Heavy and fight chain J region* have 

tSZZXEL'X Iff ? 8 T * *!2f nC * hW71Ol °0 y •*'*» <8™«tor than 80%) within JJhUvy J* 

tzissE?* -jzk 01 ° 6 ® onueteow ** •*->«- •*-" «.« situ 

probes ter ctoning awnunogtobulin Dght or heavy chain mRNAs or genes (Figures 2 or 7). Oepencfiiu on hi 

T™ ^*>j>»*«WW»*rljM.» ~y b. cwaM « nyMSiM. » an immxosUufe MWU s 

“ UI6 -“ JK> ju 

Another utiSty of a particular U1G probe may be hybridization to light chain or heavy chain mRNAs of a 

£^^72 E£!l* Ueh “ UI °‘ > ^ K .? i ? d#t9ClS •" mou ” J * containing sequences (Rgure n UN3 
design cani also nctodo a sequence to introduce a restriction enzyme site Into the cDNA copy of m 

immunoglobulin gene (see Figure 7). The invention may. for example, utilize chemical gene synthesis to 
generate the UIG probes for the ctoning of V regions In immunoglobulin mRNA from hybridoma calls 
making monoclonal antibodies of desired antigen specificities. 

»o ^n7!2?^ 0C r ,U,# n£ nz ? ,0f CerMK,ti " 0 eoo ' pl#,e V + C r ®0 ion CONA ctones from hybridoma 
can light and heavy chsm mRNAs. In the first stage, the Invention utilizes UIG probes as ‘primers' tar 

°* ? COn,ple,a V raflion and teader “<*"8 sequence# of hatvy Ight 
rtam mRNAs (Figure 3). The complementary strand of the primer extended cDNA is then synthesized and 
Jis double-stranded cONA is cloned in appropriate cDNA ctoning vectors such as pBR322 (Gutter’ and 
Ho m a n ^Gene, 25: 263 (1983)) or pQ23 (Figure 5: Maniatis. T. et al.. Moleculsr Cloning: A Laboratory 
Manual. Cold Spnng Harbor Laboratory Publications. New York, page 224 (1982)). Ctones are screened ter 
specify hybndizaticn with UIG. oligonucleotide probes. Positive heavy and light chain clones identified by 
sequences m ° Pf ° CedUfe mapped * /1d sequenced to select those containing V region and leader coding 

An alternative method is to make cDNA clones using oligo-dT as a primer, followed by selection of fight 
and heavy chain clones by standard hybridization methods. 

A second stage utilizes cloning of C region gene segments to form heavy and light chain module 

T>T 0f, 'nL 0ne method cDNA cl0ftes of human heavy and light chain immunoglobulin mRNA are prepared. 
These cDNA ctones are then converted into C region module vectors by site-directed mutagenesis to place 
a restriction site at a desired location near a boundary ol the constant region. An alternative method utifizes 
genomic C region ctones as the source for C region module vectors. 

A third stage of cDNA ctoning involves the generation of complete light and heavy chain codino 
SnkSd V * ndC re 9’ 0fl »- 7T * clone<:1 V region segments generated as above ire excised and 
S***"?? 0f ^** vy chain c ,e 8 ion module vectors. For example, one can done the complete hum» 
kappa light cham C region and the complete human gamma. C region. In addition, one can modify a hum*, 
gamma 1 region and introduce a teimination codon, thereby obtain a gene sequence which encodes the 
heavy chain portion of an Fab molecule. 

The coding sequences having operationally linked V and C regions are then transferred into appropriate 
expression systems ter expression in appropriate hosts, prokaryotic or eukaryotic. Operationally linked 
means in-frame joining of coding sequences to derive a continuously translatable gene sequence without 
alterations or interruptions of the triplet reading frame. 

^^One particular advantage ol using cDNA genetic sequences in the present invention is the fact that they 
code continuously ter immunoglobulin chains, either heavy or light. By ‘continuously* is meant that the 
sequences do not contain intions fi e. are not genomic sequences, but rather, since derived from mRNA by 
reverse transcription, are sequences of contiguous exons). This characteristic of the cDNA sequences 
provided by the invention allows them to be expressible in prokaryotic hosts, such as bacteria, or in tower 
eukaryotic hosts, such as yeast. 

Another advantage of cDNA cloning methods is the ease and simplicity of obtaining V retton oene 
modules. * 
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(1) The ctoned Imrr w oqiobufin ONA finking V and C reg*>ia. t* atteetfed to different franacripfton 
promoter s and tormintoor ONA fragments; 

(2) the chimeric genes an placed on yeast plasmids used for protoi n overproduction (aae. for rampftt. 
Beggs. J. D-, Motecutor Genetics and Yeast Alfred Benson Symposium. 10. Copenhagen (1981)); 

s (3) Additional geneti c units such as a yeast leader peptide may be included on immunoglobufin ONA 
construct to obtain antibody secr e te 

(4) A portion of the sequence, frequently the first 6 to 20 codons of the gene sequence may ba m ocSftsd 
to represent pr e ferred yeast codon usage. 

(5) The chimeric genes are placed on plasmids used for integration into ysast chromosomes. 

ro The following approaches can be taken to simultaneously express both fight and heavy chain genes in 
yeast 

(1) The fight and heavy chain genes are each attached to a yeast p romoter and a terminator sequence 
and placed on the same plasmid. This plasmid can be desi g ned for either autonomous r epi ca bon In 
yeast or Inte gr ation « specific sites in toe yeast chromosome, 
fi (2) The fight and heavy chain genes are each attached to a yeast promoter and terminator sequence on 
separate plasmids conta ini ng different selective markers. For example, the fight chain gene can be 
placed on a plasmid containing the trpl gene as a selective marker, while the heavy chain gene can be 
placed on a plasmid containing ura5~as a selective marker. The plasmids can be designed for either 
autonomous rep lica tio n in yeast oT in teg rat* on at specific sites in yeast chr omo so mes. A yeast strain 
to defective for both selective markers ts either simultaneously or sequentially tr an s fo rmed with the plasmid 
containing fight chain gene and with the plasmid containing heavy chain gene. 

(3) The fight and heavy chain genes are each attached to a yeast promoter and terminator sequence on 
separate plasmids each containing Afferent selective markers as described In (2) above. A yeast mating 
type "a" strain defective in toe selective markers found on the fight and heavy chain expression plasmids 

7% (trpl and ura3 in the above example) is transformed with the plasmid containing the fight chain gene by 
selection ST one of the two selective markers (trpl in the above example). A yeast mating type "alpha* 
strain defective in toe same selective markers as the "a" strain (i.e. tipi and ura3 as examples) is 
transformed with a plasmid containing the heavy chain gene by selection for the alternate selective 
marker (i.e. ura3 in the above example). The "a" strain containing the light chain plasmid (phenotype; 
so Trp 4 Ura“ hTthe above example) and the strain containing the heavy chain plasmid (phenotype: Trp“ 
Ura 4 In the above example) are mated and diploids are selected which are prototrophic for both of the 
above selective markers (Trp 4 Ura 4 in the above example). 

Among bacterial hosts which may be utilized as transformation hosts. E. cofi K12 strain 294 (ATCC 
31446) is particularly useful. Other microbial strains which may be used include E. coli XI776 (ATCC 
js 31537). The aforementioned strains, as well as E. coli W3110 (ATCC 27325) and other enterobacteria such 
as Salmonella typhimurium or Serratia marcesce'nsTend various Pseudomonus species may be used. 

In general, plasmid vectors containing replicon and control sequences which are derived from species 
compatible with a host cell are used in connection with these hosts. The vector ordinarily carries a 
replication site, as well as specific genes which are capable of providing phenotypic selection in trans- 
40 formed cells. For example. E. coli is readily transformed using pBR322. a plasmid derived from an E. coll 
species (Bofivar, et >1 GeneT"5: 95 (1977)). pBR322 contains genes for ampidlfin and totracycSfto 
resistance, and thus p rovide s easy means for identifying transformed cells. The p8R322 plasmid or other 
microbial plasmids must also contain, or be modified to contain, promoters which can be used by the 
microbial organism for expression of its own proteins. Those promoters most commonly used in recom¬ 
as binant ONA construction include toe beta-lactamase (penicillinase) and lactose (beta-galactosidase) pro¬ 
moter eystems (Chang et a) .. Nature . 275 : 815 (1978); ftakura et ai ^ Science. 190: 1056 (1977)); and 
tryptophan promoter systems (Goeddel et al., Nucleic Acids Research , ft: 4057 (i98CjTEPO Publication No. 
0036770). While these are the most commonly used, other mjcrobiafpromoters have been discovered and 
utilized. 

so For example, a genetic construct for any heavy or fight chimeric Immunoglobulin chain can be placed 
under toe control of the leftward promoter of bacteriophage lambda (PJ. This promoter Is one of the 
strongest known promo t er s which can be controlled. Control Is exerted by the lambda repressor, and 
adjacent restriction sites are known. 

The expression of the immunoglobulin chain sequence can also be placed under control of other 
55 regulatory sequences which may be "homologous* to the organism in its untransformed state. For example. ■ 
lactose dependent E. oofi chromosomal ONA comprises a lactose or lac operon which mediates lactose 
digestion by elabora5ng~~the enzyme beta-galactosidase. The lac control elements may be obtained from 
bacteriophage lambda plACS, which is infective for E. coli. The lac promoter-operator system can be 
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Induced by FTG. 

Other promoter to parator systems or p ortiort s thereof csn be em p loyed «S wel For example. enbinoee, 
cofens El gafectoee. alkaline phosphites*, fryptophan, xyloee, tec, and tea Iks cm ba used. Otear 
bacterial pans expre ss ion control elements cm ba utifized to achieve the •tpretsion of lmmunogtobi4n 
5 proteins. For ramp*. « gene with a bacterial secretion signal peptide cor i ng region cm ba mprieeed In 
bacteria, resteting in eecretion of tha immunogJobuftn peptide which was originally Inked to tea signal 
pepbds. 

Other pi sto n a d hosts are mammalan ceils, grown In vitro In issue ctebxe, or to vivo in animals. 
MammaSm oefts provide post-translational motffications~to immunogtobuSn pro tein motocuies inducing 
io leader p e ptide removal correct folding and assembly of hatvy and ftght chains, gfycotylation at correct 
sites, and secr e ti on of functional antibody protein from tha ceil as HjL* m oto ati e t 

Mamma&an cetti wh ich may be useful as hosts for tha production of artfbody proteins Indude cefta of 
fibrobtest origin. such as Vero (ATCC CAL 81) or CHO-K1 (ATCC CAL 81), or cefls of lymphoid origin, such 
as the hybrtdoma Sp2AMgl4 (ATCC CRL 1581) or the mytooma P3XB3Ag6 (ATCC TIB 8), and Its 
rs deriv a tive s . 

Severs! po ssib le vector systems are available for the expression of doned heavy chain and fight chain 
genes In mammafian cells. One class of vector s utilizes DNA e l emen ts which provide an autonomously 
replicating sx fra ch romosomal plasmid, derived from anrmai vinrses, such as bovine papifiomavkus (Sarver. 
N. et al. Proc Natl. Acad. Sd. USA. 79: 7147 (1962)), polyoma virus (Deans. A J. et al, Pvoc^Nati. Acad. 
to SdTXiSA. 81: 1292 (1984)). or SV40 virus (Lusky, M. and Botchan. M. Nafcxe. 28STf9 (lMl]j. A seconB 
class of vectors relies upon the integration of the desired gene sequences Into the"host cell eh r omoeome. 
Cells which have stably integrated the introduced DNA Into their ch ro m os omes cm be selected by also 
introducing drug resistance genes such as E. cofi gpt (Mulligan, A C. and Berg, P., Proc. Natl. Acad. Sd., 
USA, 78: 2072 (1981)) or Tn5 neo (Southern, P7j. and Berg. P., J. Mol. Appf- Genet , 1: 327 (1882)).TRe 
as selectable marker gene can be either directly linked to the DNA gene sequences to" be expreseed, or 
introduced into the same cell by co-transfection (Wigler, M. et al. Cell 16: 77 (1979)). 

Since an immunoglobulin cDNA Is comprised only of "sequences representing the mature mRNA 
encoding an antibody protein or its precursor, additional gene expression elements regulating transcription 
of the gene and processing of the RNA are required for. optimal synthesis of immunoglobulin mRNA. These 
ao elements may include splice signals, as well as transcription promoters including inducible promoters, 
enhancers, and termination signals. cDNA expression vectors incorporating such elements include those 
described by Okayama. K and Berg. P. t Mol. Cell Bid.. 3: 280 (1983); Cepko, C. L. et al. Cell. 37: 1053 
(1984); and Kaufman. R.J., Proc. Natl Acad. Sci., USA, 82:689 (1985). 

An approach to evaluate optimal vectors for the expression of immunoglobulin cDNA in mammalian 
35 cells involves first placing the immunoglobulin DNA sequences into vectors capable of stably integrating 
into the cell genome, or replicating autonomously as an extrachromosomaJ plasmid. The vectors can be 
used to evaluate different gene expression elements for optimal immunoglobulin synthesis. 

An additional advantage of mammalian cells as hosts is their ability to express chimeric immunoglobulin 
genes which are derived from genomic sequences. Thus, mammalian cefis may express chimeric tm- 
40 munoglobutin genes which are comprised of a variable region cDNA module plus a constant region which is 
composed in whole or in part of genomic sequences. Several human constant region genomic clones have 
been described (Ellison, J. W. et al.. Nucl Acids Res.. 10: 4071 (1982), or Max. E. et al .. Cell . 29: 681 
(1982)). The use of such genomic sequences may be "convenient for the simultaneous introduction of 
immunoglobuin enhancers, splice signals, and transcription termination signals along with the constant 
45 region gene se gment 

Different approaches can be followed to obtain complete H 3 I? antibodies. 

First, one can separately express the fight and heavy chains followed by in vitro assembly of purified 
fight and heavy chains into complete HjU K)G antibodies. The assembly pathways used for generation of 
complete HiU IgG motocuies in cells have been extensively studied (see. for example, Scharff, M.. Harvey 
so Lectures,’ 88 : 125 (1974)). In vitro reaction parameters for the formation of IgG antibodies from reduced 
isolated fight and heavy chains have been defined by Beychok, S., Cells of ImmunoglobuEn Synthesis , 
Academic Press, New York, page 89,1979. 

Second, it is possible to co-express light and heavy chains In the same cells to achieve intracellular 
association and linkage of heavy and light chains into complete K)G antibodies. The co-expression can 
55 occur by using either the same or different plasmids in the same host 

In a preferred embodiment, the co-expression can occur with aid of secretion signals useful in yeast or 
bacteria. Under such conditions, fully folded and assembled HjLa immunoglobufins can be obtained. 

Also, preparation of chimeric Fab fragments can be carried out by the methods of the invention. 
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The method s deecitoid hereto can tJeo be ueea Id e w i t cn the ctet or any antibody of a given 
sp eatoty and dess to an antibody of tha same e pedfidty but of a dHfawt class, whether human or non- 
hunan. For example, H *nan IgM antibodies can ba trvumutod to human IgG ar r tib o do e by preparing 
constructs containing fvnan constant IgG cONA or genomic sequences. Snkad to variable hunan cONA 
5 sequences obtained from a cal) producing tha ongmal IgM antibody. These co ns tructs are than intro d uced 
into appropriate hosts and expressed. 

POLYPEPTIDE PRODUCTS 

ro The invention provides •chimeric* tmrmmogtobuftn chains, either heavy or fight A chimeric chain 
comens a co nsta nt region substantial similar to that present in tha heavy chain of a natur* human 
tfTOTHStogiobufin, and a variabla region having any desired a ntigeni c spedfidty. The wtabte region la either 
from hunan or non-human o rigin. 

The Invention also provides ImmunogtobuHn molecules having heavy and fight chains asso ci ated so that 
fs the overall molecule edubits desired binding end recognition properties. Various types of frnmunoglobufin 
molecules are provided monovalent, divalent dispectfic (Le., with different variable regions), molecules with 
chimeric heavy chains and noo-chimeric fight chains, a molecules with variable binding domains attached 
to peptide moieties carrying desired functions. 

Antibodies having chimeric heavy chains of the same or different variable region binding specificity and 
so non-chimeric (i.e., afi turn an or ail non-human) fight chains, can be prepared by appropriate association of 
the needed polypeptide chains. These chains are individually prepared by the modular assembly methods 
of the invention. 

Chimeric Fab fragments are also pari of this invention. 

25 USES 

The antibodies of the invention having human constant region can be utilized for passive immunization, 
especially in humans, without negative immune reactions such as serum sickness or anaphylactic shock. 
The antibodies can, of course, also be utilized in prior art immunodiagnostic assays and kits, in labelled 
ao form for in vitro imaging, wherein the label can be a radioactive emitter, or an NMR contrasting agnet such 
as a carbon-13 nucleus, or an X-ray contrasting agent, such as a heavy metal nucleus. The antibodies can 
also be used in vitro localization of antigens by appropriate labelling. 

The antibodies can be used for therapeutic purposes by themselves in complement mediated lysis or 
can be coupled to toxins or other therapeutic moieties. 

3 S Class switching of antibodies is useful when it is desired to change the association, aggregation or other 
properties of antibodies obtained from cell fusion or hytxidoma technology. For example, most human- 
human monoclonal* are of the IgM class, which are known for their ease of reduction and aggregation. 
Changing such antibocfies to other antibody types, such as IgG. IgA, or IgE. is thus of great benefit 

Mixed antibody-enzyme molecules can be used for immunodiagnostic methods, such as EUSA. Mixed 
ao antibody-peptide effector conjugates can be used for targeted delivery of the effector moiety with a high 
degree of efficacy and specificity. 

Having now generally described die invention, the same win be further understood by reference to 
certain specific examples which are included herein for purposes of illustration only and are not intended to 
be Smiting unless otherwise specified. 

49 

EXPERIMENTAL 
Materials and Methods 
so Tissue Culture Cell lines 

The human cell fines GM2146 and GM1500 were obtained from the Human Mutant Cen Repository 
(Camden, New Jersey) and cultured in RPMI1640 plus 10% fetal bovine serum (M. A. Bioproducts). The 
cell Snes Sp2/0 and CRL 8017 were obtained from the American Type Culture Collection and grown In 
55 Dutbecco’s Modified Eagle Medium (DMEM) plus 4.5 grt glucose (M. A. Bioproduds) pfus 10% fetal bovine 
serum (Hyclone. Sterile Systems. Logan. Utah). Media were supplemented with penicillin/streptomycin 
(Irvine Scientific, Irvine. California). 
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Recombinant Ptaarrtid and Bacteriophage OHAa 

The plasmids p6R322. pLl and pUCl2 were purchased ton Narmada P-L Btochamicsfc (MJwatoe. 
Wisconsin). The plasmids pSV2-neo aid pSV2-gpt were obtained ton BRL (Gaitonbirg. Maryland). end 
s are available ton the American Type Cotoe Collection (Rockville. Mary tend). pHu-gamma-1 is a aubdone 
of the 8.3 Kb Htndffl to Bam Hl fragment of to human kgQl chromosomal gene. A a a para la lactation of to 
human IgQl chromosomal gene is de s cribed by Efison. J. W. et «L, Nud. Adds Ra<k 10: 4071 (1982). 
M 8alph> RXl2 contains the 0.7 Kb XU J to Ecofll fragment co n t ainS g to mouee heasy^STenhencer ton 
to > tntron region of to M803~diromosomal gene (Davis. M. et aJ., Native . 2tt 733) inserted into 
ro M13mpl0. G-taiied pUC9 was purchased ton Pharmacia P-L DMA manipulations toohing jwrtficatian of 
plasmid DNA by buoyant density centrifugation, restriction endonuclease dgeeboa puiftcation of DNA 
fragments by agarose gel ele c trophores is , Igabon and tr an sformation of E. oofl we as described by 
Maniatis. T. et ai.. Molecular Cloning: A l ab or a tory Manual . (1982). Restriction endorudeases and other 
DNA/RNA mo di fying enzymes were purchased Som Boehringer-Mannheim (MlarapoBa, Mena), BRL 
ts New England Btolabe (Beverty. Massachusetts) and Pharmacia P-L 

Oligonucleotide Preparation 

Oligonucleotides were either synthesized by the triester method of to et al. (Ftact Adds Res. , 10: 1755 
jo (1982)). or were purchased from ELESEN. Los Angeles. CaBfomia. Tritylated. deblocke d oligonucleotides 
were purified on Sephadex-G50. followed by reverse-phase HPIC with e 0-25% graded of acetonitrile in 
10mM triethylamine-acetic acid. pH 72 . on a Cl 8 uBondapak column (Waters Associates). Detritytabon was 
in 80% acetic add for 30 min., followed by evaporation thrice. Oligonucleotides were l ab eled with [gamma- 
®PJATP plus T4 polynucleotide kinase. 

JS 

RNA Preparation and Analysis 

Total cellular RNA was prepared from tissue culture cells by the method of Aufiray. C. and Rougeon, F. 
(Eur. J. Biochem.. 107: 303 (1980)) or Chirgwin. J. M. et al. (Biochemistry. 18: 5294 (1979)). Preparation of 
so poly(A)* RNA. methyT-mercury agarose gel electrophoresis, and ‘Northern ^transfer to nitrocellulose were 
as described by Maniatis. T. et aJ.. supra. Total cellular RNA or poly(A) 4 RNA was directly bound to 
nitrocellulose by first treating the RNA with tormaldehyde (White, 8. A. and Bancroft F. C.. J. Biol. Chem. . 
257: 8569 (1982)). Hybridization to filterbound RNA was with nick-translated DNA fragments using con¬ 
ditions described by Margufies. D. H. et al. (Nature. 295: 168 (1982)) or with ^P-bbefled oligonucleotide 
35 using 4xSSC. 10X Denhardt's. 100 ug/ml”sa!mon sperm DNA at 37°C overnight followed by washing in 
4*SSC at 37°C. 

cDNA Preparation and Cloning 

40 OligodT primed cONA libraries were prepared from poly (A) 4 RNA from GM1500 and GM2146 certs by 
the methods of Land. H. et al. (Nud. Adds Res., 9: 2251 (1981)) and Gubler. V. and Hoffman. B. J.. Gene, 
25: 263 (1983). respectivelyTTbe cDNA libraries were screened by in situ hybridization (Maniatis. T. t supra ) 
with ^P-labelled oigonudeotides using to conditions shown above - or with nick-translated DNA fragments 
using to conditions of de Lange et al. (CeS. 34: 891 (1983)). 
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Oligonucleotide Primer Extension and Cloning 

Poly(A) 4 RNA (20 ug) was mixed with 1-2 ug primer in 40 ul of $4mM KCt. After denaturstion at 9CTC 
for 5 min. and then chilling in Ice, 3 units Human Placental Ribonuctease Inhibitor (BRL) was added in 3 ul 
so of 1 M Tris-HCI, pH 8.3. The oligonucleotide was annealed to the RNA at 42°C for 15 minutes, ton 12 ul of 
.05M DTT, .05M MgCfe, and 1 mM each of dATP. dTTP. dCTP, and dGTP was added. 2 ul of alpha -^P- 
dATP (400 Ci/mmd. New England Nuclear) was added, followed by 3 uf of AMV reverse transcriptase (19 
units/ut, Life Sciences). 

After incubation at 42°C for 105 min.. 2 ul 0.5 M EDTA and 50 ul 10mM Tris. ImM EOTA. pH 7.8 were 
55 added. Unincorporated nucleotides were removed by Sephadex G-50 spun column chromatography, and 
the RNA-DNA hybrid was extracted with phenol, then with chloroform, and precipitated with ethanol. Second 
strand synthesis, homopolymer tailing with dGTP or dCTP, and insertion into homopolymer tailed vectors 
was as described by Gubler and Hcffman. supra. 
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Stto-Ofructod M u topant «l» 

Single «frw«tod M13 tojfrdorto DNA (1 ug) wn combined with 20 nQ oflgonuctootto* prim«r to 123 of 
Hin buff* (7 mM Trit-HCl. pH 7.e. 7 mM MgCfe. 50 mM NaCI)- After heating to 9S*C in a sealed tube, the 
s primer was annealed to the template by slowly cooGng from 7D*C to J7*C tor 00 minutes. 2 d dMTPa (1 
mM each), t id *P-dATP (10 uCI). 1 ul DTT (0.1 M) and 0.4 ul tOenow ONA Poll (2u. Boehringar Mannheim) 
were added and chains extended at 37*C for 30 minutes. To Ms s«s added i ut (10 ng) Ml3 reverse 
primer (New England GioUbs). and the he aflng i Snn eeBng and chain extension steps were rep ea led. The 
reaction was stopped with 2 ul of 0 JM EOT A. pH 8. plus 80 ul of 10 mM Tris-HCl. pH 7 J. 1 mM EOTA. 
to The products were phenol extracted and purified by Sephadex G-50 spun column chromatography and 
ethanol precipitated prior to restriction enzyme tfg es tion and Sgation to the appropriate vector. 

Transfection of Myotome Tissue Culture Ceils 

is A variation of the method of Ochl. A. et aJ. (Nature . 302 : 340 (1983)) was used tor pro to plast fusion. 60 
ml of bacteria at A«oo of 0.7 were conv ert ed"*) protoplasts by the method of Sandri-Goldin, R. M. et al. - 
(MoJ. Cert. Biol., l: 743 (1881)). then diluted with 20 ml DM EM plus 10% FBS (tinal volume is 25 ml)~5p5*> 
cells were harvested, pelleted at 2200 x g. washed, repeated and resuspended in OMEM at 2-5x10*AnL 
Bacterial protoplasts (10 ml) were mixed *nth 10x1 (f Sp2A) celts and pelleted by centrifugation at 4,000 x g 
» at 22°C for 20 min. After pipetting off the supernatant the panel was suspended In the remaining drop <3 
medium by flicking the tube. 2ml of 10% DMSO. 37% (w/v) PEG8000 (Kodak) in DMEM was added 
drop wise with mixing over 45 sec. After 15 sec.. 2 ml of 42% PEG6000 In DMEM was added over 45 etc. 
Complete DMEM (45 ml) was slowly added with mixing. Cells were peOeted at 2500 x g. then washed and 
pelleted thrice. 

« The electroporation method of Potter, H. at aJ. ( Proc. Nat). Acad. So.. USA . 81: 7161 (1984)) was used. 
After transfection, celts were allowed to recoveMn complete OMEM Tor 4§^2 hours, then were s eede d at 
10,000 to 50.000 cells per wefl in 96-well culture plates in the presence of selective medium. G418 (GIBCO) 
selection was at 0.8 mg/ml, mycophenolic acid (Calbiochem) was at 6 ug/ml plus 0.25 mg/ml xanthine, and 
HAT (Sigma) was at the standard concentration. 
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Assays lor Immunoglobulin Synthesis and Secretion 

Secreted immunoglobulin was measured directly from tissue culture cell supernatants. Cytoplasmic 
protein extract was prepared by vortexing 1x10* cells in 160 ul of 1% NP40. 0.15 M NaCI. 10 mM Tris, 1 
as mM EDTA, pH 7.6 at 0°C, 15 minutes, followed by centrifugation at 10.000 x g to remove insoluble debris. 

Double antibody sandwich ELISA (Voller, A. et aJ., in Manual of Clinical Immunology , 2nd Ed.. Eds. 
Rose, N. and Friedman, H., pp. 359-371, 1960) using affinity purified antisera was used to detect specific 
immunoglobulins. For detection of human IgG, the plate-bound antiserum Is goat anti-human lgG (KPU 
Gaithersburg, Maryland) at 1/1000 dilution, white the peroxidase-bound antiserum is goat anti-human IgG 
40 (KPL or Tago, Burlingame) at 1/4000 dilution. For detection of human immunoglobulin kappa, the plate- 
bound antiserum is goat anti-human kappa (Tago) at 1/SOO’dilution, while the peroxidase-bound antiserum cs 
goat anti-human kappa (Cappef) at 1/1000 dilution. 

Antibodies binding hepatitis 8 surface antigen were detected using a commercial (Abbott, A USAS) 
assay. 
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EXAMPLES 

The following examples show the preparation of chimeric antibodes each having a human constant 
region and a non-human variable region. These examples outline the step-by-step process of preparing the 
so chimeric antibodies. 

EXAMPLE I: Human Antibody Constant Region Gene Modules and cONA Expression Vectors 

(1) Preparation of cDNA Clones, and Vehicles Containing Same, for Heavy Chain Human Constant Region 
ss 

The cell fine GM2146 was used as the source in mRNA preparation and cDNA cloning. This cell fine 
secretes IgGl (Simmons, J. G. et al., Sc&nd. J. Immunol., 14: 1-13, 1981). Tests of this cell fme indicated 
that it secretes IgA as well as IgCT 
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Tha ca> in* w*s donad. and reaiAs I nd cia d fwt ft* of sbc cubdona* aaa*M IgQ orfy. *ti8* on* of 
six xubdona* a a cra ta d IgA only. Pdy(AF RNA w*s praparsd from tha cafl In* and a cONA iwy *** 
prapcrsd from (a pofy(A)* RNA by Iht msthod of Oubtor. U. and Hoffman. B. J-. Qan* . 25 : 285288 (1983V 
An initial pMhg of tha cONA tr a nafonnad into E. co* aamm* H 81 OI and RR1 yfaidad a totof of 1500 
a cotontas. «Mdi wars s cr ae n a d by hytoridtzxSon to TTinrini to BvnH) friQntint of i QWOfflic done of 
human IgGl (pto ^gamma -i). Four positive donee were Eund A fragment conta in ing the CH3 axting region 
of one of tan done*. pGMB-3 (Figure 4), was used to raxreen tha original Ibrvy pfc* a now 
transformation of a pprox im ately 5000 co to n i ea . Two of tie largest donee, pGMK-6 aid pGkW-15, warn 
analyzed by r e str i ction enzyme digestion (Figure 4). Bcfi clones contained tie entire conettrt region of 
to human IgGl, although K was discovered that pGMH-6 had deleted approximately 1500 best pah* of 
pB R322 DNA, apparently without affecting the IgGl cONA sequences. 

Clone pGMB4 provided the IqGI constant region module in the co ns ti u ctton of cloning vectors tor 
heavy chain var ia bl e region c l oning. 

is (2) Preparation of cONA Clones, and Vehicles Containing Same, for Light Chain toman Constant Region 

A human ceO Kne (GMl500) producing IgGjK was s elected fa the initial dordng phase. Pofy(A) 4 RNA 
prepared from GM1500 is active in In vitro translation using rabbit reticulocyte e x tract s . A cONA Ibrtry was 
prepared hon this RNA by the metfibcToT Land et al., Nud. Acids Res. , 8: 2251-2266 (1881), utflzing Kpnl 
so digested aid dG-taJled p023 as the cloning vector (Figure 5) This vecta”contains Bglll, Kpn l and Sstl 
inserted between the BamHI and Saji sites of pBR322. 

In order to identity the cONA clones generated from GM1500 RNA which correspond to ight chain 
mRNA, a DNA probe. UIG-HuK. was synthesized and purified. The UIG-HuK oligonucleotide has the 
sequence 5*-AGCCACAGTTCGTTT-3\ and is designed to hybridize to an functional human kappa mRNA 
» species at tie >C junction. This probe was used to prime cONA synthesis on GM1500 RNA In the 
presence of cfcdeoxynucleotides and reverse transcriptase. From \2 ug of total GM1500 poiy(A) 4 RNA was 
used in this experiment, the entire J sequence and some of the V region was read, demonstrating that (1) 
GM1500 RNA is intact. (2) the kappa probe is of the correct sequence, and (3) GM1500 fight chain mRNA 
contains Jk 4 sequences. . 

so cONA clones positive fa hybridization to the light chain probe were selected. Since the probe 
hybridizes to the J-C junction, the most important point was to determine if the clones had complete 
constant region sequence in addition to the J region. 

Insert sizes fa the two largest kappa cONA clones were 0.6 and 0.9 kb; restriction enzyme mapping 
indicated that the entire constant region coding sequence was present in both clones (Figure 6). The human 
35 kappa cONA clone pK2-3 was used to make the fight chain constant region vecta piNG2001 by inserting 
the Sau3A fragment comprising the human kappa constant and J regions into the Bell site of pBR325 
(Figure 6B). 

A variant of the human kappa cONA clone was made by placing a Hind III site In the J region. This was 
carried out by to vitro mutagenesis using a JrHINDIII otigonucleotide~primer (Figure 7c). The resultant 
« plasmid is pGML6CT 

A vecta. plNG2003. was constructed for the transfer and expression of cONA sequences in mammalian 
cells (Figure 10). This vecta was constructed from pUCi2 and two plasmids containing SV40 sequences. 
pH provides an SV40 early region promoter and an SV40 late region splice sequence. p$V2-neo 
sequences provide a selectable marker fa mammalian ceO transformation and SV40 pofyadenylation signal 
45 sequences. pUCl2 provides a multiple cloning site fa cONA insertion. 

The plNG2003 vecta has several useful restriction sites fa modifications. These include a Hindtn site 
useful fa the insertion of enhancer sequences, and a HindiII to Xhoi fragment useful for the Insertion of 
alternate promoter sequences. This vecta is useful in the expression of cONA genes In mammtfian cells. 

90 Addition of Enhancer Element to p!NG2003 

Immunoglobulin enhancer elements have been shown to enhance transcription of genes in their viurwty 
In stably transformed mouse myeloma cells by several hundred foW (Gilfies, S. D. et al., Cell . 33: 717, 1883; 
and BanerjL A et af. Cell, 33: 729. 1983). To facilitate expression of the mouse- human immunoglobulin 
55 genes in mouse”myeloma ceils, the mouse immunoglobulin heavy chain enhancer element was added to 
the cONA expression vecta pING2003 (Figure 10). The mouse heavy chan enhancer region DNA was 
isolated from an Ml3 subclone of mouse heavy chain genomic DNA (M8-alpha-RXl2, Deans. R. J-, 
unpublished). DNA Isolated from a Sail plus EcoRI digestion of this subclone was modified with HindW 
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Mm and tiwerted Wo tha NndOl site of plN02DCX foiithg H t* now cOSA expression *U* 
ptNG2003E. This vector Is ussfuTin the efficient ex p r e e ri o n of cONA gone* kt mammaftan ceQa, pertiaAarty 
mouse myeloma or hybridoma cafl Bnes. 

s EXAMPLE tt Human-Mouse Chimeric Anti-HBsAG Antibody Chain 

(1) Preparation of cONA Clones and Vehicles Containing Same, for Heavy Chain Mouse Anti-H8sAg 
Variable Region. 

io The cell Sne CRL8017 was obtained from the ATCC and subdoned. Sub d ones were grown end tes ted 
for mouse igG anb-hepatitis B binding activity using s commercially evwtebte anti-HBsAg detection left 
Three positive subdones were found. Poly(A) 4 RNA was prepared from one of these subclones, end was 
fractionated on a msthytmercury agarose gel. The RNA contained Wad Ight chain and heavy chain 
mRNA's as Warned from spe ci fic hybridisation to kappa UIG-MJK primer, and to f» mouse heavy chain 
ts UIG-MJH3 probe (see Figure 7). In addition, the UIG-HJK primer was used tor epedfle priming d anti- 
HBsAg poly(A) 4 RNA in a dkfeoxy sequencing reaction. Sufficient sequence was read to show that a major 
kappa RNA of the errthHBsAg cefl fine contains the J«2 sequence. 

The conditions tor variable region cONA synthesis were optimised by iWng heavy and fight chain UK3 
primers on *iti-HBsAg poly (A) 4 RNA. Dideoxy chain extension ex periment demonstrated that tha mousa 
so UIG-MJK primer and UIG-JH3 primer correctly primed kappa and heavy chain RNAs. When the reverse 
transcription was earned out in the absence of dideoxynudeotides. the main product using the kappa mQ- 
MJK primer was a 410*20 nucleotide fragment, while the main product using the heavy chain UKKJH3 
primer was a 430x30 nucleotide fragment These correspond to the expected lengths of the variable and 5‘ 
untranslated regions of kappa and heavy chain immunoglobulin mRNAs. The conditions tor the optimal 
* priming of pofy(A) 4 RNATtwtTCR 18017 cells should work well for poly(A) 4 RNA Isolated from any cell Sne 
producing a monoclonal antibody. 

After determining optimal conditions for priming hybridoma mRNA with oligonucleotide primers, two 
oligonucleotides were designed and used for heavy chain V region cONA synthesis. These two 
oligonucleotides are UIG-MJHBSTEII(13) and UIG-MJH3 (F»gures 7 and 8). It should be noted that the 
x primer sequence was designed to introduce a BstEII recognition site (GGTGACC) in the clone so that it 
coukJ be joined at this site to the human IgG 1 constant module at the analogous position at tha latter’s J 
region. In this case, the primer had a single G to U mismatch with the mouse mRNA sequence that uses 
the Jh 3 coding sequence. The UIG-MJHBSTEII(13) primer was 13 bases long and the mismatched residue 
was flanked by 7 matches 5’ and 5 matches 3* of it. This was the 13-mer BstEII primer. To assess the 
» priming efficiency ol the 13-mer BstEII oligonucleotide, a 21-mer primer specific for mouse Jh 3 (UIG-MJH3) 
was used. This primer had a perfect match for the 17 nucleotides on its 3’ end. 

These two primers and the Jh 3 coding sequences are shown in Fvire 0. The first strand cDNA 
products made via the 13-mer BstEII and the 21-mer J„3 primers included bands of approximately 430 
nucleotides, which represented Ihe entire V M region. Under the standard priming conditions used, the 
40 priming efficiency of the 13-mer BstEII was much less than that of the 21-mer J*3. Accordingly, a cONA 
library was generated from the first strand synthesis from each of these primers, using the method of 
Gubler and Hoffman, supra. 

First, the 21-mer jJJTFibrary was screened with the 21-mer J*3 oiigooudeotide. Filter hybridization was 
done at 30°. overnight, according to de Lange, T. et aL Cell , 34: 891-900 (1963). The filters were then 
45 washed at 51* In 6 x SSC, 0 . 1 % SOS. Five co6rS5» were selected- The largest had an Insert of 
approximately 460 bp. More significantly, it contained three restriction sites predicted from the known J*3 
sequence, which are present upstream of the primer sequence. This done, pJ3-11. was sequenced using 
the Jh 3 primer by the chain-termination method (Wallace. R- B. et aL. Gene , 10: 21*20 (1981)). The 
sequence obtained has the remaining Jh 3 coding segment. Just upstream, a "iVnudeotide segment 
so matched to a published O segment sequence (Dsp 22) (Kurosawa. Y. et af. . J- Exp. Med. , 155: 201 (1982), 
and Tonegawa. S.. Nature. 302: 575 (1983)). A nonapeptida predicted from this area showed characteristic 
homology to the published mouse heavy chain V subgroups at amino add residues 86 to 94, comprising 
the FR3 of heavy chain molecules. Plasmid pJ3-l1 represented a rearranged VDJ sequence, and 
apparently contained the anti-hepatitis V M sequence produced by the ceO Sne. 
ss til order to isolate a Vh region cDNA clone that had a BstEII Site in the J region, an Ahj l to Sau 96l. 265 
nucleotide long, probe from pJ3-11 was next used to screen the cDNA Sbrsry generated from the 13-mer 
BstEII primer. Six positive clones were isolated. The largest. p8$13*1, was further analyzed. The insert was 
280 nucleotides long and its restriction map agreed with that of pJ3-l 1 except for the introduced Bst EII site. 
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Rgus 9 B usti ' ton how these two inserts wsrs raaxnbnsd to ¥«» ■*■*> P * f VWC *~)^** 

moduiHoWno BtoEII «**• Three sdditton* V H ^ m*v 

from the 21-mi”o&gonuctootid* UfG-MJH38$TEn primer containing « B*SI *ta. Thsee Oorm m*1 

provide sltemais V M cONA sequences to Join to human Cm ee^jenoo*. 

(2) Preparation ol cDNA Clones. end VsWdes Containing Seme, tor Light Chain Move* Art««aAg Variable 
Region 

Sfrrca the Jb 2 eequance Is present In mRNA prepared fcom the 
ofigonudeotide WG-JK2BGUI (Rgure 7B). was designed *2?} 

Carton wito Bglil would (hen allow direct Insertion of a V. cONA otfng "Jf^^! 1 **** 
previously notedT^man C, vector. plNG2001. This Insertion w^re^^^ prad se J wsn g *a 
variable region segment (Including the J region) to a human tappa constant ^ 
proper codli* bame and with no alteration In amino add sequence tar either mouse variable or hunon 

^The JK2BGUI oTigonucleotide was used to prime anti-HBsAg mRNA to lotm s cONA Bbrary m tor 
h^vy chain. aupra in%UC9. The cONA was strata** by pdy«syUmk*. » 

Cloning end 80*of the cONA clones were shown to have insert sizes between 300 and 750 n** 1 * 0 **^ 
length. Reptca filters of this Bbrary were ecreened with two ofigonudeotidea. the origin* primer and e 

second probe complementary to J*2 sequence 5’ to the origin* primer. _ 

R was discovered that the anti-hepatitis B monoclonal cefl ine CRL 8017 secretes .mmurwglobuRha wrth 
at least two dWerent light chains. One of them is derived from the myeloma NS-1. which was uMdas a 
fusion partner in generating the anti-hepatitis B cell line. Since NS-1 is derived from IhemyrHoma MOPC21. 
the oossibifitv was investigated that MOPC21 V R mRNA may be present in the k c ary 

anti-hepatitis monoclonal can tine. Indeed, one cONA clone (p6048) analysed has an identic* restriction 
enzyme map to that ot MOPC21 V* cDNA, except tor the inserted Bglil »te. . _ . , 

Two conclusions can be drawn from these results. The first is that it is possible to effective ^ use an 
oBgonucleotide to introduce a restriction enzyme site while cloning a V« region from a hybridoma ce me. 
The second is that one must carefully monitor hybridoma ceil lines for the presence of multiple region 

sequences, only one of which is the desired sequence. • 

in order to further characterize the kappa Bght chain J regions present in the cell line mRNA. poiy(A) 
RNA was bound to nitrocellulose by the formaldehyde "Dot btot" procedure of White and Bancroft. J.^ joj; 
Chem.. 257: 8569 (1962). The RNA was hybridized to W P-labeled oligonucleotide probes specific for eac 
lunctionaTCappa J region. These probes are shown in Figure 7B as the UIG probes 5JK1. MJK. 5JK4. and 
5JK5 The "results showed that the mRNA hybridized strongly to both MJK and 5JK4 oligonucleotide probes, 
indicating that both J*2 and J*4 sequences were present. Snce J*2 mRNA had been previously i dentified 
as the one derived from the parental hybridoma partner NS-i. it was concluded that the J«4 mRNA encoded 

the anti-hepatitis binding specificity of the CRL 8017 cells. _ 

Two different cDNA libraries were screened to isolate V region clones encoding J*4 sequences^ ine 
first was primed by JK2BGUI. supra. The second was made by using the oligonucleotide primer. JK4BGLJI. 
which is specific lor J*4 mRNATnd introduces a Bglil site into the J region of cloned V regions The 
JK4BGUI primer was used to prime first strand cONA synthesis to construct a cDNA Bbrary by toe same 
method used to construct a JK2BGLII primed cDNA Bbrary. except to* cDNA was not size selected poor to 

clon ing . _ _ 

Figure 7B tabulates the mismatches that each primer has with other functional mouse fcappa J region 
sequencos. Note that J*4 has five mismatches in 21 nudeofrJes when compared with the JX2BGU1 primer. 

and 3 in 23 with the JK4BGUI primer. . 

Both libraries were screened for V region clones containing J*4 sequences by hybridizing to an 
oBgonucleotide probe specific for J*4 sequences (5JK4). The results of this screen are shown In Table . 
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Ltorary 

riuuv appcmcvry 

J*2 

J«4 

JK2BGUI 

JK48GUI 

2% (300500) 
WD 

0.15% (2/1500) 
3.5% (31/875) 


* Percentage of clones co rtanin g J*2 or Jr 4 s e quence plus a V 
region. The probes used were tie ofigonudeotide 5JK4 (J*4 
specificity, Figure 7) end p6046. which co ntains the NS-1 (MOPC21) 
V region sequence. N/D, not done. 
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Several J*4 V region cONA clones isolated from both ftraries were characte ri zed. These donee have 
identical restriction enzyme maps, including the engineered Bgin site resulting from the ofgonu d eottde 
primed cONA cloning procedure. The restriction map and sequence of one clone, pV17, show tat pVl7 
contains V region gene sequences. 

These results show that the JK2BGLII primer could correctly, although inefficiently, prime J*4 mRNA 
sequences. Since the JK2BGUI primer had less mismatches with any other J* region mRNA than with J*4 
mRNA (Figure 7B), it is expected that the other J* mRNAs can be primed at the correct location with better 
efficiency using the JK2BGLU primer. Thus, efficient cONA dontng of any functional mouse fct pp a V region 
may be obtained by using a mixture of the JK2BGUI and JM8GUI primers. 

The placement of a Bgill site into the J region during cONA cloning ol the V regions aBows Joining of 
the cloned mouse V region gene module to the human kappa constant region gene module (Figure 96V 

After the aforementioned experiments were carried out it was found that the cONA done pVl7 ■ 
complete 5* coding region. Nucleotide sequencing sh o wed that the A of the initiator codon ATG was not 
copied in pVi7. This was not a random cONA cloning artifact because two other cONA clones had the same 
defect. Two approaches were devised to obtain a fight chain gene with a complete 5‘ coding region. 

First, a new cONA library was constructed by first priming with an oligonucleotide (5*-ATATTTGCT- 
GATGCT CT-3’) complementary lo pvi7 sequences 155 bases from the 5* end. From this library, clones 
hybridizing to a pVi7 DNA fragment probe were selected, and some of these new cONA clones have the 
initiator ATG plus about 20 nucleotides of 5* untranslated region. One of these clones, p2-l2. suppfies a 5* 
untranslated region ol 23 nucleotides and a complete ATG initiator codon. When p2-l2 was combined with 
pV)7 derived sequences, a variable region with a complete 5' end was formed (plNG20l3E). 

Second, site-directed mutagenesis on the existing tight chain clone was used to simultaneously remove 
the pely-G tract and place a ribosome recognition sequence adjacent to the initiator ATG. The Psti fragment 
from pV17 was subcloned into Ml3mpl8. An oligonucleotide (V17riVM; y- 
GTGTCGACTCAGCATGAGGTTCC AGGTTC-3*) was then used as a primer to mutate the pvi7 sequen ce 
to include a Sail site and an initiator ATG into the pVl7 sequence. The resultant plasmid pVl7-IVM 
provided an alternate mouse variable region for joining to hunan constant region modules. 

The complete nucleotide sequence of the variable region from pVl7 was then determined. The 
sequence shows that pV17 contains a NVJk junction region, containing several conserved ammo adds, and 
the hybrid J*2/J*4 region formed by priming the Jr* RNA with the U1G-JK2BGLR oligonucleotide. However, 
the V« region m pV17 is non-functional, because the V* and J* regions are not in the same coding frame. 
Translation of the pV17 V region would thus result in an abnormal Immunoglobufin tight chain where the-J 
region Is translated In an incorrect frame. This defect may be caused by aberrant V-J joining, resulting in a 
non-functional kappa mRNA, as has been observed by Kafley, D.E. at al.. Mol. Cell. Biol., 5:1660-1675 
(1985). 

Since the pV17 V region encodes an abnormal immunogtobuEn. H is highly unlikely that this light chain 
is part of a functional anti-hepatitis antibody molecule. These results show the Importance of mo n itoring 
hybridoma cells for the presence of multiple RNA species encoding V regions, only one of which is the 
desired sequence. 

Further screening of CRL B017 cONA libraries was done to search for V* cONA clones which are not 
from either of the two V* cONA classes found so far (MOPC2l-p6D4B, pVl7). First an ofigo-dT primed 
cONA library made from CRL0O17 RNA was screened with a ONA fragment probe spedftc for the kappa 
constant region, and separately with probes specific for MOPC21* end pVl7 V K regions. A cONA done 
(p!E9L-8i) that contains the kappa constant region, but has a different V K region than that of MOPC21 or 
pV17 was discovered. This method of screening ofigo-dT primed cONA libraries is a useful alternative to 
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oaponucieoooe acreerang ov cuPiA BnnH, noun noc^rinttaBO proon of ra^i apecrnc ccMy in 
used. Also. thU method allows toe simultaneous isolation of several classes of V region tones* ouch as a* 
V K donas, by appropr ia ts pcoba choice. Second. tos UIQ-JK2BGl>primed cONA Ibrery mada from CRL 
8017 RNA was a cre enad with the UIG-5JK2 ofigonutootide proto (aaa Rgtr* 7). A naw doss of V* eONA 
• donas was fowd whose mom bars are homologous to 0E9L-61 and hybricfee Id tha 10G-5JK2 proto, but 
not to a MORC21 V t proto. Tha restriction andon u cls s as tfte maps and nutootidt se qu ences of (haaa 
clones also differ from MOPC21-homologous V* cONA d ona s from CRLB017 cans. Thaaa d on as , however, 
have an aberrant V-J Joint which results in a nonfunctional mRNA, and appear to to identical to ona 
da scrib ad by Cabtty and Riggs (Gana , 40:157 (1965)). 

io It was tharafore conduded that the anti-hepatitis 8 can [me CRL8017 has at least three desses of V* 
mRNA correspondng to ths above described cOMA donas p604G (MOPC21), p(E9L and pVl7. Tha pf£9L 
and pV17 clones are derived from mRNA from aberrantly rearranged Kappa genes, whrie the p0O48 dona 
is derived from tie parent hybridoma fusion partner NS-1. Nona of these clonas appear to encode tha 
desired anti-hepat iti s Bght chain. 

TS 

(3) Preparation and Expression of Heavy Chain Containing Human Constant/Mouse Variable Regions 

The V region sequences In pMVHCe-13 ware joined to the human IgGi c o ns tant (C) region done 
pGMH-6. Due to the presence of a second BstEH she within the IgGi CHI region of pGMH-0, a multi-step 
so Bgation was required. First tha 220 nudeotide BstEH fragment from the J-CH1 region of pGMH-6 was 
figated to the 1100 nucleotide IgG region BstEH tc Tbtm HI fragment of pGMH-6. In a separate ftgetion, tha 
420 nucleotide BslEtl to Bam HI fragment oTpMVHCa-l 3. which comprises the mouse V region, was joined 
to a calf intestine phosphatase treated Bam HI plasmid vector. The two ligations were then combined. Rgaaa 
was added, and the products were transformed into HBlOi. resulting in the chimeric mouse V-human C 
29 clone pMVHCc-24 (Figure 9A). 

The V region of the hybrid heavy chain gene in pMVHCc-24 was further analyzed by partial sequence 
analysis. This analysis showed that the cloned V region contained a D sequence which matches a known D 
sequence. OSP2.2 (Kurosawa and Tonegawa. supra). The sequence also predicted a 19 amino acid leader 
peptide similar to known mouse V heavy chain leader peptide sequences, and a 5* untranslated region of at 
so least 3 nucleotides. 

The BamHI fragment containing the mouse-human hybrid heavy chain gene of pMVHCc-24 was cloned 
into BamHI digested plNG2003E vector, resulting in the expression plasmid plNG2006E (Figure 11). The 
p!NG2006E plasmid should have an increased probability of efficient expression of the mouse-human 
chimeric immunoglobulin gene in B lymphoid cells because of the presence of the mouse heavy chain 
as enhancer region. 

A modification of the chimeric heavy chain gene present in pMVHCc-24 was done to provide an 
alternate heavy chain gene which Lacks the oligo-dC region preceding the initiator ATG. The p!NG20l2E 
and plNG2006E vectors are identical except for toe nucleotides immediately preceding toe ATG. as shown 
in Figure 12. 

•to Bacteria harboring toe plNG2006E and p$V2-neo plasmids were converted into protoplasts by the 
method of Sandri-GoWin. R. M. et al.. Mol. Cell. Biol.. 1: 743 (1961). The protoplasts were then separately 
fused to SP2/0-Agl4 hybridoma“ceiIs (ATCC CRLT58T) by treatment with polyethyleneglycol (Ochi, A. et 
al.. Nature. 302: 340. 1983). The fused cells were allowed to recover for 72 hours in complete medium 
before^latirigTt 10.000 or 50.000 cells per well m a 96-well tissue culture plate. The cells were selected 
4 s with G416 at 0J8 mg/ml for two weeks, when growth in some wells was ctearty evident Under th es e 
selection conditions, Sp2A) cells were completely killed within 4*7 days by G418. Only cells which have 
integrated and expressed the neo gene present in toe vectors will grow under G418 selection. The number 
of wens positive for growth by these integrative transfectants are shown in Table 2. 
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Tatter 


Strain/Plasmid 

10.000 ceas/wea 

50.000 o**nU 

MC1061/PNG2008E 

3(13%) 

12(50%) 

MCl061/pSV2-oao 

7(29%) 

4(17%) 

MClOSIMone 

0 

0 


* Percentage of wells showing positive growth out of 24 


10 

CeWs transfected with ptNG2006E and pSV2-neo were tested for immunogtobufin gene ex p r e ssi on at 
to RNA end protein level. Totel ceO RNA was prepared from transfected cells, bound to nftrocefctoee end 
hybridized to nlck-tranatited probes specific for the mouse-human hybrid heevy chain gene. Tw donee 
were found which heve e strong signal, representing expression of the gene tf the RNA level. The emount 
fs of total cedular RNA hybridizing to the mouse-human pmbe appeared to be approximately 1/10 to level of 
heavy chain RNA In the original hybhdoma cells. This probably represented about 1% of the total mRNA of 
to transfected cell. 

The transfected mouse cells were also tested for production of cytoplasmic human heavy chten protein 
by an EUSA assay, ft was found that 3 out of 7 p(NG-2006E transfected cel Ones produced detectable 
so levels of human heavy chain protein. The mouse cell transformant producing to most mouse human heevy 
chain protein gave a signal in the ELISA assay comparable to that of a 1/100 (Hutson of a human B ceil Sne 
producing intact human immunogtobufin IgGl. This modest level of detected mouse-human heevy chain 
protein may be due to several factors, including instabiity of heavy chains in to absence of Eght chains in 
hybhdoma ceils, or incorrect processing of the chimeric gene transcript 

« 

(4) Gene Amplification of the Integrated Chimeric Gene 

Southern blot analysis showed that multiple copies of the plNG2006E DNA sequences were integrated 
in tandem in the mouse genome. Restriction enzymes Apal and Bgill both cleave plNG2006E singly. In the 
so transformant. 2AE9. a band, from an Apal or Bgill digestion, oFthe expected size (8.2kb) was found to 
hybridize to the human C gamma 1 sequences~Tdata not shown). An a Bam HI band of the correct size 
(l.6kb) was found lo hybridize to the human as well as the 1E9 V M sequences. Gene-copy titration 
experiment (Fig. 14) indicated that there are about 5 copies of plNG2006E in the 2AE9 genome. That fact 
that only a single band was detected in the Apal or Bgill lane indicates that these individual copies are in a 
35 tandemly arranged array. A set of double digestions showed that plNG2006E sequences suffered no 
rearrangement In toir introduction into the mouse DNA (data not shown). 

We next transfected the 2AE9 cells with a plasmid that contains a different selectable marlcor. the gpt 
gene, and selected clones growing out in DMEM-HAT. One clone, 2BH10, has about 38 ng soluble human 
gamma 1 protein per 10* cells. Southern analysis showed that 2BH10 has about 30 copiee of plNG2006E 
40 (Fig. 14). They were amplified from the 5 copies in 2AE9.without rearrangement of the DNA sequence*. 
(Compare the 2AE9 panel to the 2BH10). Si data (data not shown) revealed that this increase in template 
led to a higher amount of IgG gene transcripts. We believe that these sequences were co-ampfified with 
contiguous cellular sequences as a result of the second selection. 

as EXAMPLE HI : A Human-Mouse Chimeric Antibody with Cancer Antigen Specificty 

(1) Antibody LB 

L6 monoclonal antibody (MAb) was obtained from a mouse which had been immunized with cells from 
eo a human lung carcinoma, after which spleen cells were hybridized with NS-1 mouse myeloma cells. The 
antibody binds to a previously not identified carbohydrate antigen which is expressed in large amounts as 
the surface of cells from most human carcinomas, including lung carcinomas (adeno. squamous), breast 
carcinomas, colon carcinomas and ovarian carcinomas, while the antigen is only present at trace levels in 
normal cells from the adult host MAb L6 is an !gG2a and can mediate antibody dependent cellular 
ss cytotoxicity. ADCC. in the presence of human peripheral blood leukocytes as a source of effector cells, so 
as to lyse L8 positive tumor cells, and it can lyse L6 positive tumor cells in the presence of human serum 
as a source of complement; the lysis is detected as the release of Sl Cr from labelled cells over a 4 hour 
incubation period. MAb L6 can localize to L6 positive tumors xenotransplanted onto nude mice, and It can 
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ftnhibft the outgrowth of such tumors. MAb L0 is described in Cancer Am. 4638174821 1966 *» 106 
spedftdty) and in Proc Nall. Acad. Sd. 63:7059-70811906 (on fciAb fundton). 

(2) Identification of J Sequences in the fcnmtmgtobufin mRNA of Lfi. 

* 

Frozen ceRs were thawed on ice for 10 minim end then « room tony e/ sturm. The Mpantat me 
diluted with 15 ml RES end the cells were c e n trttuged down. They were rempended. after wetfm in PB8, 
in 16 ml 3M UCL 6M ures end disrupted in e p ofyfron sheer. The pre p aration of mRNA end the selection of 
the po»y(A+) friction were canted out e ccord ln g to Auffray, C. «id Rougeon, F.. Eur. J. Btochem. 1073d 
io 1880. - 

The poty (A*) RNA from L6 wee hybrtdteed tndMduafty with labeled JmI. J*2 . J*3 and JW4 
ofigonucteotldas under conditions described by Nobre ge et e). Anal. Biochem 131:141.1963). The products 
were then subjected to electrophoresis in a 1.7% agaros£TBE gel. The gel was (tad In 10% TCA. bftotad 
dry end exposed lor eutorsdiogrephy. The result showed that the 16 v„ contains J*2 a eq u enoa a . 
ts For the analysis of the V K mRNA. the dot-Wot method of White and Bancroft J. Biol. Cham. 2573569. 
(1882) was used. Poly (A*) RNA was immobifeed on nitrocellulose fitters and was hybridized lo (abated 
probeofigomjcleotides st 40° in 4xS$C. These experiments show that 16 contains J*5 sequences. A (tent 
hybridization to J*2 was observed. 

so P) V Region cONA Clones. 

A fibrary primed by ofigo (dT) on L6 poty (A*) RNA was screened for kappa clones with a mouse C* 
region probe. From the 16 library, several clones were isolated. A second screen with i 5 1 J|5 tpedfic 
probe identified the LB (J*5) light-chain clones. Heavy chain dooes of L8 were isolated by sc ree nin g with 
» the Jh2 oligonucleotide. 

The heavy and fight chain genes or gene fragments from the cDNA clones. pH3-6a and pL3-12a were 
inserted into Ml3 bacteriophage vectors for nucleotide sequence analysis. The complete nucleotide 
sequences of the variable region of these clones were determined (FIGURES 15 and 16) by the ddeoxy 
chain termination method. These sequences predict V region amino add compositions that agree well with 
so the observed compositions, and predict peptide sequences which have been verified by direct amino sod 
sequencing of portions of the V regions. 

The nucleotide sequences of the cDNA clones show that they are immunoglobulin V region clones as 
they contain amino acid residues diagnostic of V domains (Kabat et a).. Sequences of Proteins of 
Immunological Interest; U S. Dept of HHS. 1883). ! " 

» The Lfi V M belongs to subgroup II. The cDNA predicts an N-terminal sequence of 24 amino add 
residues identical to that of a known V H (45-165 CRJ; Margoiies et al.Mol. Immunol. 18:1065,1981). The 16 
Vh has the Jh2 sequence. The Lfi is from the V r Kpnl family (Nishi et ai. ProcT Nat. Acd. Sd. USA 
82:6399. 1985). and uses J*5. The cloned L6 V L predicts an amino acid sequence which was confi r med'Ey 
amino add sequendng of peptides from the L6 fight chain corresponding to residues 18-40 and 00-98. 

40 

(4) in Vitro Mutagenesis to Engineer Restriction Enzyme Sites in the J Region for Joining to a Human O 
Module. and to Remove Ofigo (dC) Sequences 5 lo the V Modules. 

Both clones generated from priming with ofigo (dT) Lfi V* and Lfi V H need to be modified. For the L6 
45 V*. the J-region mutagenesis primer J^HindUI. as shown in FIGURE 178. was utifizad. A human C* module 
derived from a cDNA clone was mutagenized to contain the Hindlll sequence (see Figure 17A). The 
mutagenesis reaction was performed on M13 subclones of these"genes. The frequency of mutant clones 
ranged from 03 to 1% of the plaques obtained. 

ft had been previously observed that the ofigo (dC) sequence upstream of the AUG codon in a V* 
so chimericgene Interferes with proper splicing in one particular gene construct, ft was estimated that perhaps 
as much as 70% of the RNA transcripts had undergone the mls-splidng, wherein a cryptic 3* spfice 
acceptor in the leader sequence was used. Therefore the oligo (dC) sequence upstream of the initiator AUG 
was removed in an of the clones. 

In one approach, an oligonucleotide was used which contains a Sail restriction site to mutagenize the Lfi 
55 Vk clone. The primer used for this oKgonuctootide-directed mutagenesis is a 22-mer which Introduces a Sail 
site between the ofigo (dC) and the initiator met codon (FIGURE 19). 

In a different approach, the nuclease BAL-31 was used to chew away the ofigo (dC) in the 16 V M done 
pH3-6a. The size of the deletion in two of the mutants obtained was determined by nucleotide sequencing 
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and ia shown in FOURS 17. In both of tan mftants ((Mi 4 arvJ vMta 21). t* cf to ofigo {SSt ¥ to to 
cod i ng region wort dotted. 

These done* wore then modified by o6gorectoo<fde-*rected mutagenesis with 9o MJH2-Apto jrtnor 
(FIGURE 17). This 31-bese primer Introduces an Apai site in tos mouoo Cm gono al a position anatogouo to 
% an existing Apai tftt in human Cgammal cONA gono modulo. The primer introduces the Opprepriaso 
codons for the human C gamma 1 gens. The choneric heavy chain gene mods by joining the mutaganood 
mouoo V M gene mo&Ae to a human Cm modulo tu encode s a chimeric p rotein which contains no tsanon 
amino acids for the antfre V H region. 

The human C gamma 1 gene module is a cONA derived from 6M2146 celts (Human Genetic hfatar* 
io Cell Repository, Nowart. Now Jersey). This C gamma 1 gens module was previously co mb ine d with a 
mouse V M gene modulo to form too chimeric expression plasmid plNG2012E 

(5) LjB Chimeric Expression Plasmids. 

ts 10 chimeric heavy chain expression plasmids were derived from toe replacement of the V N module 
plNG2012E with toe V H modules of mutants defta 21 and delta 4 to give toe ex pression plasmids p(NG2i 1 1 
and ptNG2112 (FIGURE 17). These plasmids direct the synthesis of chimeric LB heavy chain when 
transfected into mammalian celts. 

For toe LB Rght chain chimeric gene, the Sal to Wndlll fragment of toe mouse V* module was pond to 
so the human C* module by the procedure outlined in tfSURE 10. forming plNG2l 19. Replacement of the neo 
sequence with toe E. cofi gpt gene derived from pSV2-gpt resulted in p<NG2l20. which exyx ess ed LB 
chimeric fight chain and confers mycophenotic acid resistance when transfected into mammalian cotta* 

The inclusion of both heavy and fight chain chimeric genes in toe same pUsmld aflows fior the 
introduction into transfected cells of a 1:1 gene ratio of heavy and fight chain genes leading to a balanced 
ss gene dosage. This may Improve expression and decrease manipulations of transfected cells lor opfcnal 
chimeric antibody expression. For this purpose, toe DNA fragments derived from the chimeric heavy and 
fight chain genes of p!NG21l1 and p!NG2li9 were combined into toe expression plasmid plNG2H4 
(FIGURE 19). This expression plasmid contains a selectable neo" marker and separate transcription units 
for each chimeric gene, each including a mouse heavy chain enhancer. 

30 The modifications and V-C joint regions of the 16 chimeric genes are summarized in FIGURE 20. 

(6) Stable Transfection of Mouse Lymphoid Cells for the Production of Chimeric Antibody. 

Electroporation was used (Potter et al. supra: Toneguzzo et al Mol. Cell Biol 6:703 1986) far toe 
35 introduction of L6 chimeric expression plasmicTDNA into mouse Sp2/0 cells. - The electroporation tecfveque 
gave a transfection frequency of 1-10 x 10“* for toe Sp2/0 cells. 

The two gene expression plasmid plNG2ii4 was finearized by digestion with Aatll restriction erv 
do nuclease and transfected Into $p2/0 cells, giving approximately fifty G418 resistanfcTones which were 
screened for human heavy and light chain synthesis. The levels of chimeric antibody chain synthesis from 
the two producers, 07 and 3E3, are shown in Table 3. Chimeric L6 antibody was prepared by culturirg the 
07 transfectant cells for 24 hours at 2x10* cefts'ml in 5 1 DMEM supplemented with HEPES buff*' and 
penicillin and streptomycin. The supernatant was concentrated over an Am icon YM30 membrane In lOmM 
sodium phosphate fcvfier, pHfl.O. The preparation was loaded over a DEAE-Cellulose column, which 
separated the immunoglobulin into unbound and bound fractions. Samples from the DEAE-unbound. DEAE- 
«5 bound and toe pre-OEAE preparations (from 1.0 ul of medium) was separately purified by affinity 
chromatography on a ProteirvA Sepharose column, eluting with 0.1 M sodium citrate . pH 3.5. The eluted 
antibody was neutrafized and concentrated by Am*con centricoo filtration. In phosphate-buffered safim. The 
yields for toe three preparations were I2ug (DEAE unbound). 6ug (DEAE bound), and 9ug (pre-OEAE 
column). Western analysis of the antibody chains indicated that they were combined in an Hi L* tetramer 
so fike native immunogtobufim. 

(7) A second purification for Chimeric 10 Antibody Secreted in Tissue Culture. 

a. Sp2A).plNG2114.D7 cells were grown in culture medium (OMEM (Gibco #320-1965). supplemented 
55 with 10% Fetal Bovine Serum (Hyclone #A-1111-D). lOmM HEPES. lx Glutamine-Pen-Strap (Irvine* 

Scientific #9316) to 1 x 1(? cell/ml. 

b. The cells were then centrifuged at 400xg and resuspended in serum-free culture medium at 2 x 10# 

cell/ml for 18-24 hr. 
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c The metfcsn wts centrifuged H 4000 RP44 In a JS-4-2 rotor (BOOQxg) lor 15 min. 
d IjO ftor of supernatant was than Altered through a 0.45 micron After and toon eoncertated a 
YM30 (Amicon Corp.) Alter to 25ml. 

a. The conductance of the conce nt rat e d eupamatant waa adjusted to 5.7-6J mStm and toe pH erne 
s adjusted to 8.0. 

t Tha supernatant waa centrifuged at 2000xg. 5 rvku and than loaded onto a 40 ml 0EA£ cokm. wtridi 
was praaquEbrated with lOmM sodium phosphate, pH8& 

g. Tha flow through fraction was collected and loaded onto a 1ml protein A-Sapharoaa (Sigma) cofcmn 
preequffibrsfed with lOmM sodium phosphate. pH8.0. 

fo ft Tha cokann was w a shed first with 6ml lOmM sodium phosphate buffer pH *8*0, fotovad by M 0.1 M 
sodtom dtrata pH-3.5. then by 5ml 0.1 M citric add (pH-2-2)- Fractions of 0.5ml ware coveted in 

tubas conta in ing SOuJ 2M Tris base (Sigma). _ 

L The butc of the IgG waa In tha pH-3.5 elution and was pooled and conc a ntr ata d over Cartetoon 30 
(Amtoon Corp.) to approximately .06ml. 

is J. The buffer was changed to PBS (lOmM sodium phosphate pH-7.4, 0.15M Nad) in Gentricon 30 by 
repeated dButing with PBS and reconcentreting. . 

k. The IgG solution was then adjusted to 0.10ml and bovine serum albumin (Fraction V, US. Bio- 
chemic al s) was added to 1 0% as a stabilizing reagent 

20 (8) Production and Purification of Chimeric LB Antibody Secreted in Ascites FWd. 

a. The ascites was first centrifuged a 2,000 xg for 10 min. 

b. The conductance of the supernatant was adjusted to 5.7-5 6 mS/cm and its pH adjusted to 84). 

c. Supernatant was then loaded onto a 40 ml DEAE-ceflulose column pre-equi&brated with 10 mil 

25 N*3PO«MpH8.0. 

d. The now through from the DEAE column was collected and its pH was adjusted to 7.4, and then 
loaded onto a 1.0 ml goat anti-human IgG (H * L) - sepharose column. 

e. The column was washed first with 6 ml of 10 mM sodium phosphate. 0.5 M sodium chloride, followed 
by 8 ml of 0.5 M NHL OH. and 3 M sodium thiocyanate. 

so f. The sodium thiocyanate eluale was pooled and dialyzed against 21 PBS overnight. 

The antibody can be further concentrated by steps j. and k. of the previous procedure. 

TABLE 3 


[ Levels Of Secreted Chimeric L6 Chains from Sp2A) Transfectants* 

Culture Condition 

FBS 

$p2/0.07 

Sp20BE3 



Kappa 6 

Gamma' 

Kappa 6 

Gamma* 

1. 20 ml, 2d. seed @ 2x10 s /ml 

4 

17 

77 

100 

700 

2.200 ml. 2d. seed @ 2.5*10 s /ml 

♦ 

0B 

6 

60 

215 

3. 200 ml, id. seed @ 2*10*/ml 

- 

IB 

3.6 

07 

221 

4. Baib/c ascites 

• 

5,160 

19,170 

NO. 

NO 


• - Sp2A) celts transfected by electroporation with plNG21 l4(plJ5HL) 

* - ugfl measured by ELISA specific for human Kappa - human Bence-Jones protein 
standard. 

c • ugfl measured by ELISA specific tor human gamma - human IgG standard. 

NO - Not determined. 

FBS: Fetal Bovine Serum 


(9) Studies Performed on the Chimeric L6 Antibody. 

55 First the samples were tested with a binding assay, in which cells of both an L6 antigen-positive and an 
L6 antigen-negative cell line were incubated with standard mouse monoclonal antibody LB. chimeric LB 
antibody derived from the cell culture supernatants, and chimeric L8 antibody derived from ascites (as 
previously described) followed by a second reagent, fluorescein-isothiocyanate (FITOconjugated goal 
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rt bo6ti to hmn (or mouee. ter too standard) fa wm u nogtebufcv 

Since too btatag tray sh owed strong reectMty of N cNmorte LB on the LB anflgon paritm col >m 
and total tack of raecBvtty on the negative oai kra. toe next stap was to fiast ter the ahiity crf the chimeric 
LB to Inhibit tha Wn^ng of mooaa LB to antigen poartha caOs; such i n h ib ition assays ara taad rwti naly to 
s establish tha identity of two antibodies' recognition of antigen. These data ara discuss ed batew pnh&tion 
of binding*). As port of these studies, a rough estimate of antibody avidity was made. 

finally, two aspects of antibody function were studied, the abOty to metBate AOCC in the presence of 
hunan peri ph eral btood leukocytes, and tha abiSty to kill LB positive tumor cels In the presence erf tartan 
eerum as a eouvet of com p l em e n t (see *FtmctionaJ Assays* below). 

10 Binding Assays. Celts from a human colon carcinoma ine. 3347, which had been previously shown to 
express approximately 5 x 10 5 molecules of the LB antigen at the can surface, were used as targets. Cels 
from the T can Ine M$82 was used as a negative control, since they, according to previous testing, do not 
express detectable amounts of the LB antigen. The target ceis were tint Incubated ter 30 min * 4«C wtih 
either the chimeric LB or with mouse LB standard, which had been puttied bom mouse ae dta a . This was 
rs Mowed by Incubation with a second. FTTC-tebeOed. reagent, which ter the chimeric antibody was goaharto* 
hunan Immunoglobufn. obtained from TAGO (Burtingame. CA), and usad at a dilution of 1 JO. For tha 
mouse standard. H was goat-anti-mouse tmmunoglobuln, also obtained from TAGO and used at a tffction of 
130. Antibody bmdmg to the ceO surface was determined using e Coulter Model EPtC-C ceil sortor. 

As shown in Table 4 and Table 4A. both the chimeric and the mouse standard LB bound signifl ean tty, 
so and to approximately the same extent to the LB positive 3347 line. They (fid not bind above background to 
the 16 negative HSB2 Ine. 

In view of the tact that the three different chimeric LB samples presented in Table 4 behaved similarly in 
the binding essays, they were pooled for the inhibition studies pre sen ted below. The same inhibition studies 
were performed for chimeric L6 derived from asdtes fluid presented in Table 4A. 

« Inhibition of Binding. As the next step was studied the extent to which graded doses of the chimeric LB 
antibody, or the standard mouse L6. could inhibit the binding of an FITC-labelled mouse LB to the surface 
of antigen positive 3347 colon carcinoma cells. 

Both the chimeric and mouse standard 16 inhibited the binding of the directly labelled L6 antibody, with 
the binding curves being parallel. The chimeric antibody was slightly less effective than the standard, as 
so indicated by the results which showed that 3.4 ug/ml of the pooled chimeric L6 MAb. as compared to 2.0 
ug'ml of the standard mouse L6 MAb was needed for 50% inhibition of the binding, and that 5.5 ug/ml of 
the chimeric 16 (derived from ascites) as compared to 2.7 ug/ml of the standard mouse L6 MAb was 
needed for 50% inhibition of binding. 

As part of these studies, a rough estimate was made of antibody avidity. The avidity of the standard 
05 mouse L6 had been previously determined to be approximately 4 x 10*. The data indicated that there were 
no significant differences in avidity between the chimeric and the mouse L6. 

Functional Assays. A comparison was made between the ability of the chimeric L6 and standard mouse 
LB tolyse L6 antigen positive cells in the presence of human peripheral blood leukocytes as a source of 
effector cells (mediating Antibody Dependent Cellular Cytotoxcity. ADCC) or human serum as a source of 
40 complement (mediating Complement-Dependent Cytofysis. CDC). 

As shown in Table 5 and Tables 5A-5D. the chimeric L6 was superior to the simultaneously tested 
sample of mouse LB tn causing ADCC. as measured by a 4 hr Sl Cr release test 

Tables 6 and 6A-6B present the data from studies on complement-mediated target cefl lysis. In this 
case, a high cytolytic activity was observed with both the mouse and the chimeric L8 antibodies. 

45 

Conclusions . 

The results presented above demonstrate a number of important, unexpected qualities of the chimeric 
L6 monoclonal antibody of the Invention, firstly, the chimeric LB antibody binds to L6 antigen po si tive tumor 
so celts to approximately the some extent as the mouse LB standard and with approximately the same avidity. 
This is significant for the following reasons: the L6 antibody defines (a) a surface carbohydrate antigen, and 
(b) a protein antigen of about 20,000 daltons. each of which is characteristic of non-small cefl lung 
carcinoma (NSCIC) and certain other human carcinomas. Significantly, the LB antibody does not bind 
delectably to normal cells such as fibroblasts, endothelial cells, or epithelial cells in the major organs. Thus 
35 the chimeric LB monoclonal antibody defines an antigen that Is specific for carcinoma cells and not normal 
cells. 

tn addition to the ability of the chimeric LB monoclonal antibodies of the present invention to bind 
specifically to malignant cells and localize tumors, the chimeric L6 exerts profound biological effects upon 
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binrfng to It* twg*t which mafc» ttw chimole antibody a prim* cantfdata lor fewer l.»—»-Jo.a py- pit 
rmauHa assorted heroin d u iwutisto that cNmotc IB ta cspMto c< binding to tuna ca ia and >>on b fe Wng 
tons the tuna «fla. aithar by ADCC a COC Such tuna MHng actMty wn demon*** Mine 
con c entrations of chimeric IB antibody as tew as 0*01 uQrtnl (lOngftnf). _ 

• Although the prospect o I tflemptfng tuna therapy using monoclo nal antibodes is tob***. some 
partial tumor r e gr e ss ions being reported, to data such monoclonal antibody •* r *PV baa bea n mat s ii 
Gmlted success (Houghton, Fobruary 1885. Pwc. ^ caa - S 6 *- ^1242*1246). Tho ffi yordr *Qc*cj(* 
mouse monoclonal a nSb od ies (which aro tho onoa that have boon feted so far) appears to betoo tow ia 
most practical purposes. The dbcovery of the profound blotegical activity of chimeric IB ** 

10 specificity for a carcinoma antigen makes the chimeric Lfl antibody a choice therapa^c 9 Q*t tor tie 
treatment of tumors tevtvo. Moreover, bacauee of the •human* properties wfU ch wtfl make tm tfiim ertc LB 
monoclonal g r tib o dlea more resistant to clearance tn vtvo . the chimeric LB monodonal w Mx&m w^ be 
advantageously used not only for therapy wtth uruiwitoT chimeric antfbodtee, M al so te r de^tep m artief 
various immunoconjugates with drugs, toxins, Immunomoduttoor*, Isotopes, ate,, ee wal aster rtij yadr 
is purposes such as in vivo imaging of tumors using appropriately (abated d Wneri c LB artlh ocl es \ $txt\ 
Immunoconjugation techniques are known to those stated in the art and can be used to modfy tie chimeric 

LB antibody molecules of the present invention. _ 

Two illustrative call lines secreting chimeric LB anttoody were deposited prior to the fOng date of this 
application at the ATCC. Rockville Maryland. These are transfected hybridoma C2S6 (corresponds to 3Q 
so ceils, supra ). ATCC HB 9240 and transfected hybridoma C256 (C7 cate, supra ), ATCC K8 9241. _ 

ThiTpresent invention is not to be limited in scope by the call 6nes deposited since toe depoe riad 
embodiment Is intended as a single illustration of one aspect of the Invention and all ce* Knea wftich a re 
functionally equivalent are within the scope of the Invention. Inde ed, various modficationa cf the inv ention to 
addition to those shown in the art from the foregoing description and accompanying drawings are intended 
75 to fall within the scope of the appended claims. 
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xsnys Of QiIbkIc U Attltody ^ Hww U 
Monoclonal Antibocfc cn «n 14 hot igm Politic •«* M hetigm 
Negative Cell Line. 




Binding Ratio for* 



■1147 Calls 

fid ♦) 

jtatibody 

Batch 

GAM 

GAH 

Standard X4 


54.6 

4.2 

Qiimerie L6 

a 

1.3 

110.3 


b 

1.3 

110.3 


c 

1.3 

110.3 



Binding Ratio Ter* 



K5S-2 Cells 

(14 -) 



CAM 

gsH 

Standard 14 


1.1 

i.i 

Oiineric 14 

a 

1.0 

1.0 


b 

1.0 

1.1 


c 

1.0 

1.1 


* All assays were con&jcted using an antibody concentration of 
10 ug/nl. The binding ratio is the runber of t i mes brighter a 
test saaple is than a control Buaple treated with OK (FTTC 
conjugated goat-anti -oouse) or GAH (FTTC conjugated goat 
anti-hoan) alone. A ratio of 1 means that the test sanp.e is 
just as bright as the contrci; a ratio of 2 means the test 
sample is torice as bright as the control, etc. 
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tilling Amyl 0* adaaric U Awibody *«*• Hanoci “ I 
« XntitaV « a IS Aatlgwi tositiae and 14 A»tig« Call 

Una. 


to 


Y9 


30 


39 


30 


35 


40 




Antite^r 

Ratio r*r* 



OoMtntion 

931*1 COlU (U *) 

Antlbodr 


<wte* _ 

ss 

21 

Standard 14 


30 

31 

4 



10 

49 

4 



3 

40 

3 

Otiaaric 14 


30 

3 

104 

(Ascites) 


10 

2 

104 



3 

1 

42 

Qiiaeric 14 


30 

1 

. 105 

(Cell Culture) 


10 

1 

46 



3 

1 

44 




Binding Ratio 

For~ 




Rffl-2 Cell* IL« -> 




GAM 

GAH 

Sundird 14 


10 

1 

1 

Odaeric 14 


10 

1 

1 

(Ascites) 





Oiissiic 14 


10 

1 

1 

(Call Culture) 






* T^w binding ratio is the rt rs be r ci t i n es brighter a test 
sample la than a control arple treated with GW (FITT corjr* 
gated goat anti-bran) alone- A ratto ci 1 oaam that the test 
apple is just as bright as the cor.tr;:; a ratio cd 2 soars » 
test sample is tvi=a a bright as the ccr.trsl, «tr. 
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TABLE 58 

ADCC of Chhrmtc L0 and Standvd (Mouse) 16 Antfbodlee On Coion CircinaM Col Uno 3347. 
Antibody Antibody Concentration (uQftnl) PBL por Target Col % Cytotyw* 

Chimeric L5 (Asdtoo) 5 100 64 


5 

100 

64 

2.5 

100 

78 

1.25 

100 

65 

0.63 

100 

81 

0.31 

100 

80 

0.16 

100 

71 

0.08 

100 

•6 

5 

0 

_ 0 

5 

100 

32 

6 

0 

0 

0 

100 

16 


Standard LB 


* The target cells hod been labelled with s, Cr and were exposed for 4 hours to e combination of 
MAb and human peripheral blood leukocytes (PBL). and the release of *'Cr was measured 
subsequently. The release of "Cr (after corrections of values for spontaneous release from 
untreated cells) b a measure of the percent cytolsis. 
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war of 

Chiaaric L6 and Standard (Khn) 

u 


S 

Lung Carcina 

a Call Line B2CC9. 






Antibofr 




TO 


Concentration 

TBL par 


» 


Antibody 

(va/tal) 

Taroet Cell 


Cvtolvaia*. 


Chiaarlc 14 

10 

100 


. 35 

T« 

CAacites) 

1 

100 


31 



0.1 

100 


27 



0.01 

100 


IS 

20 


0.001 

100 


13 



0.0001 

0 


15 

25 

Standard 14 

10 

100 


9 



1 

100 


15 

90 

None 

0 

100 


9 


Chimeric L6 

10 

10 


19 


(Ascites) 

1 

10 


15 

95 


0.1 

10 


11 



0.01 

10 


13 



0.001 

10 


22 

40 


0.0001 

10 


11 


Standard L6 

10 

10 


7 

45 


1 

10 


€ 


None 

0 

10 


6 


50 
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nw* V (cant'd) 


to 


ts 


JO 


Antibody 

Chimeric L6 
(Ascites) 

Standard L6 


Antibod/ 

Concentration 

(ua/tel) 

10 


10 


fSL per 
Target Cell 


Cvtolysls* 

4 


* The target cells tad been labelled with 




and were exposed 


for 4 hours to a conblnation of Jftb and Hunan peripheral blood 
leukocytes (PEL), and the release of ^Cr vas measured subse¬ 
quently. The release of ®*Cr (after corrections of values for 
spontaneous release from untreated cells) is a measure of the 
percent cytolysis. 
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TABLE SO 


to 


ADCC of Chimeric L6 end Standard (Mouse) LB Antibodies On Colon Carcinoma Cell Line H3347. 


Antibody 

Antibody Concentration (up/ml) 

PBL per Target Cell 

% Cytolysis* 

Chimeric LB (Ascites) 

10 

100 

62 


1 

100 

66 


0.1 

100 

69 


0.01 

100 

26 


0.001 

100 

8 


0.0001 

0 

3 


10 

0 

0 

Standard Lfl 

10 

100 

19 


1 

100 

24 



0 

0 

None 

0 

100 

8 


* The target cells had been labelled with 1 *Cr and were exposed for 4 hours to a combination of 
MAb and Human peripheral blood leukocytes (PBL), and the release of s ’Cr (after corrections of 
5 $ values for spontaneous release from untreated cells) is a measure of the percent cytolysis. 
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Coplaaent-dependent cytotcpeic effect ef chimeric and stan¬ 
dard (am) L6 cd f"l»" oudscn ^ m 2ra lira 3347 , u 

aaasurad by a 4-far ^^Cr-relaase assay. Ban aan» frca a 
healthy subject %as used as ttaa source of cwnplawant . 


IS 

Antibody 

Boson ccnplgm 

ext % cytolysis 

70 

L6 Standard 10 ug/al 

Yes 

90 


LS chimeric 10 ug^al 

Yes 

89 


L6 Standard 10 ug/tal 

tto 

0 

35 

L6 chimeric 10 ug/tal 

No 

t 

1 
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TABLE BA 


s 

Complement Dependent Cytotoxic Effect of CMmeric LB and Standart (Mouse) LB AntibcxSe* on Coion 

Carcinoma Cel line 3347 


Antibody 

Antibody Concentration (ugftnl) 

PBL per Target Cel 

% Cytotyair 


Chimeric LS 

20 

♦ 

29 


(Ascites) 






10 

♦ 

23 



5 

♦ 

18 



2-5 

♦ 

6 



20 

Inactivated 

0 



10 

0 

0 

15 

Chimeric LB 

20 

♦ 

29 


(Celt Culture)) 






5 

♦ 

26 



2-5 

♦ 

18 



20 

♦ 

4 

JO 


10 

0 

4 


Standard L6 

20 

♦ 

65 



10 

♦ 

37 



20 

inactivated 

0 

25 


20 

0 

1 


None 

0 

♦ 

0 


’ Complement mediated cytolysis was measured by a 4 hour ’’Cr-release assay. Human serum 
from a healthy subject was used as of source of complement. 
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TABLE 68 



Comptemert Dependent Cytotoxic Effect of Chimeric L6 and Standard (Mouse) 16 Antibodes on Colon 

Carcinoma Ct* Um 3347 

Antibody 

Antibody Concentration 
(ugrinf) 

PBL par Target Cell 

%CytDty*r 

Chimeric LB 
(Ascites) 

10 

♦ 

200 

5 

4 

155 


2.5 

4 

166 


1-25 

4 

114 


0.6 

4 

63 

* 

0.3 

4 

17 


10 

0 

0 

Standard LB 

10 

4 

96 


5 

4 

83 


2 JS 

4 

46 


1J2S 

4 

18 


0.6 

4 

7 


0.3 

4 

4 


10 

0 

2 

Non© 

0 

4 

0 


• Complement mediated cylotysis was measured by a 4 hour *’Cr-release essay. Human serum 
horn a healthy subject was used as the source ot complement 


30 EXAMPLE IV: A Human-Mouse Chimeric Antibody with Specificity tor Human B-Cell Antigen 


The 2H7 mouse monoclonal antibody (gamma *K) recognizes a human B-cell surface antigen. Bp35 
(Clark, EA. et at. Proc. Nat. Acad. Set USA 82:1766 (1985)). The Bp3S molecule plays a role in B-colt 
activation. mRNAwas prepared Irom the 2H7 cell line. Two cDNA Rbraries were generated - one using the 
* heavy chain UIG-H primer and the other. oligo(dT). One V M done. pH2-ll, was isolated upon saeening with 
the same UlG-H ongonucleotide. To isolate the light chain done, a mouse kappa -specific ONA fragment was 
used to screen the oligo<dT) library. Candidate clones were further screened with a mouse J*5 sequences. 
One V* clone, pL2-l2. was thus isolated. The light chain UIG-K was then used to engineer a restriction 

enzyme site in the J region. _ 

40 The two cDNA clones were also modified at the 5’ end to remove the artificial oligo d(C] sequence, to 
pH2-11 this was carried out by using the restriction enzyme Nco l which cuts one nucleotide residue S’ of 
the ATG initiator codon. In pL2-12 this was achieved by an ongonucleotide In vitro mutagenesis using a 22- 
mer container a Sail site. 

The DNA sequences of these two clones are shown in Figures 21. 22. To construct the chimeric heavy 
43 chain plasmid, the V M module was joined to the human C gamma 1 module (pGMHS) at the BstEII site, 
and the chimeric Bght chain the V* module was joined to the human C* module (pGMLflO) at the J* Hindf fl 
site. The expressi o n vector sequences were derived from plNG20i2-neo as wed as p(NG2018-gpL The 
constructed plasmids are plNG2101 (V^C gamma 1-neo). plNG2l06 (VrC*-neo). plNG2l07 (VKC*-gpt) 
plNG2101 and p!NG2106 were also used to generate plasmids containing both genes. They are pHl_2-11 
80 md pHL2-26. to addition, plNG2106 and plNG20t4 were combined to a two Bght chain plasmid. pLL2-2S. to 
compensate for the poorer (compared to heavy chain) steady-state accumulation of tight chain protein in 
transfected celts. (See Fig. 23.) Fig. 24 shows the changes made to the variable region sequences during 

the construction. ,__ 

The plasmid. pHL2-l 1. was linearized by Aatll; and the DNA was used to transfect Sp2A) cells by _ 
85 electroporation. Transformants were selected in G418-DMEM. One transformant. 1C9. produces 9.3 ngfml 
chimeric kappa and 33-72 ng/ml chimeric gamma i protein as assayed by ELISA. Southern analysis of ICS 
DNA showed that there is one copy of the plasmid integrated in Sp2/0 genome. 
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EXAMPLE V : Bacmtion of a Functional CWmartc Antibody from Yeaft 

(1) Fusion d mature chimeric L0 tight chain and heavy chain genes to the yeast invertaee signal sequence 
and shortened pho sp ho g tycerato kinase (PGK promoter). 

s 

Yeast nfti are capable of recognizing mammaSan secretion signal sequences and of greeting seoreton 
of mammtevi proteins (KGtzman et aJ. t supra ). There is. ho we^r. evidence which suggests tat oarteln 
native yea* signal sequences are more effective than mammalian signal sequences a! Erecting eecredon 
of some mammaftan proteins from yeest (Smith et al „ Sdence 229 :1210 (1985)). One example is the signal 
to sequence fcv the yeast inverts** gene. To Improve the ertaency of BgM end heavy chain secretion, ta 
mature EgM chain and heavy chain sequences were fused to the yeast Invertase signal sequence end 
pieced ixxter tatecriptionaJ control of the shortened PGK promotar (U S. Pa te nt Appti ca flon 797,477) uateg 
the a tr a tagte e outftned in Figures to and 28. respectively. An im port ant element of these corwtrutians Is 
the use of kivftro mutagenesis to Introduce a restriction site at the signal sequence p roc es s ing site tor boti 
is ta invertase signal sequence (see U.S. Patent Application 797,477) and ta tight and heavy chain genes. 
These resrtetion sites are positioned such that a blunt-ended Bgation of rest ri c tio n enzyme-tfgestsd. T-4 
DNA polymerase-treated DNA results In in-phase translational fusions of the T end of the mafeae 
immunogteteJn chains with the 3* end of the yeast Invertase signal sequence. Such genes, when e x pre ss e d 
in a yeast at. may direct the synthesis, processing, and secretion of chimeric tight and heavy chains wtih 
so the same pimary peptide sequence as chimeric light and heavy chains secreted from transfected mouee 
Sp2/0 cefe. The DNA sequences of the mutagenesis primers used for tight and heavy chain genes as wet 
as the corresponding unmutagenized sequences are shown in Figures 258 and 26B, respectively. Using 
this approach, the LB chimeric tight and heavy chains were fused to the yeast invertase signal sequence 
and shortened PGK promoter, resulting in plasmids pING 1407-7 and plNG1415 (Figures 2SC and 28C). 

(2) Removal of non-yeast 3* untranslated DNA. 

Recent studies on expression of hepatitis B surface antigen in yeast demonstrated that removal of non- ' 
yeast 3* and 5' untranslated sequences can result in increased levels of heterologous gene expression in 
x yeast (Knieskin et al.. Gene 46:135 (1986)). The light chain gene sequence of chimeric L6 antibody in 
pINGi 407-7 (Figure 25C) contains approximately 200 bp of 3' untranslated DNA followed by 70 bp of poty 
A and 20 bp of poly G sequences. An initial treatment of the chimeric L6 tight chain DNA with the double- 
stranded exonuclease Bal3l, removed the poly A and poly G sequences and all but 90 bp of 3* untranslated 
DNA, generating the plasmid plNG2i21b (Figure 27). A restriction fragment from p!NG2l2ib containing 
55 only Cfc was cloned into a derivative of pBR322. generating plNGl4i9 (Figure 27). A second Battl digestion 
was next used to remove all but 13 bp of non-yeast 3* untranslated DNA generating the plasmid. plNG143l 
(Figure 27). The chimeric L6 heavy chain gene in plNGl4i$ (Figure 26) also contains extensive 3* 
untranslated sequence which includes 80 bp of poly A. All but 11 bp of the 3' untranslated DNA were 
removed using the strategy shown in Figure 28. generating the plasmid plNGl429. 

40 Site-tfirected in vitro mutagenesis can introduce, at a low frequency, unwanted base pair changes in 
regions of ta DNA outside of the area being mutagenized. To ensure that such mutations we re not present 
in the chimeric LB tight and heavy chain sequences which had been cloned into Ml3 and subjected to site- 
directed mutegenesis. we constructed tight and heavy chain genes fused Id the Invertase signal sequence 
and the shortened PGK promoter which consisted of coding sequences that were either confirmed by DNA 
as sequence analysis or proven to be functional by virtue of their expression in transfected mouse Sp2/t) ceils 
to produce kmctionat chimeric L6 antibody. The plasmids. p1NGl439 (tight chain, Figure 27) and plNGl436 
(heavy chain. Figure 28) were generated by these constructions. 

(3) Construction of yeast expression plasmids containing chimeric L6 tight and heavy chain genes from 
50 plNG1439 and pINGi436, respectively, fused to the PGK polyadenyiation signal. 

In order fcx yeast to produce an intact functional antibody molecule, a balanced synthesis of both tight 
and heavy chain protein within the host cell is preferred. One approach is to place the light and heavy chain 
genes on separate expression vectors each containing a different selective marker. A yeast strain defective 
ss in the selective markers found on the plasmids can then be either simultaneously or sequentially 
transformed with these plasmids. 

The dimeric L6 tight and heavy chain genes from p!NGl439 (Figure 27) and p!NGl436 (Figure 28) 
were cloned as Bglll-Xhol and BamHI-Xhol fragments, respectively, in two different medium copy number 
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<* 0 * 20 copfesAcrtl) tx p r aerio n vector* (yaast-E. ool MOe). 0n« of tMm pMMVXVS. c onM q to 
compete yeast 2-mlcron cM a tn PQK tr anscrip tion torm toa ton and polyatoiyMon tfgrtals, md to Ml 
9 ®ne as tha selective nMr. Tha other vector. pfMGl 150. conta in* the yeast origin of repO catfo ru offfTi 
cjs-actng sequence (HEP3) from the yeast endogenous 2-micron ptasmkl the PQK frvtscripbon tenmKSfcn 
s and pofyadenylation signals, and the ura3 gene as the ael ectrre marker. Both plasmids also contain tie 0- 
lactamase gene (bU ) for ampidtSn reSstance and the bacteria! origin of repS ca tton (oriB) from p6R322 tor 
selecfron and ampl i f ica tion in bacteria. Four plasmids resulted from th es e co ns tructions: plNQl44l -Ig h 
chain. M2 and pfNG1443-ight chain. ura3 (Ftgure 2S): pINGl440-heavy chain. M2 and pCNG1442 heery 
chain, urs 3 (Figure 30). 
re 

(4) S e cr etion of chim eric LB antibody from tr ans f or med yeast cefts. 

Two separate tra ns for ma tion experiments were performed in an attempt to obtain both Bgfrt and heavy 
cham synthesis in yeast cats. Four ug each of plNGi440 and pfNGi443. and aepmtofy of plNQ1442 and 
rs piNGl441 were cotransformed Into Saccharomyces cer evr w ae strains BB331C (MATa. ur«3. M2) by 
selecting for growth on SO agar (2% glucose. 0.67% yeast-nitrogen base. 2% agar). Ura+Ttu 4 transfor¬ 
mants appeared at 2-3 days of Incubation at 30 *C. Approximately 100 tran s fo rm ants were obta in ed tor 
PING1440 plus pINGl443; only 15 transformants were obtained for plNQl442 phis p!NGl441. Ten cotanto 
were inoculated from each plate Into 5 ml $0 broth supplemented with 50 mM totfum succinate. pH 55* 
so and grown for 65 hours at 30 *C. The cells were removed by centrifugation and the culture supernatants 
analyzed by EUSA for the levels of light chain and heavy chain and for the degree of association of to 
secreted fight and heavy chains. The latter was assessed using a goat anti-human kappa antiserum to cart 
the microtiter wells end a peroxidase-labeled goat anti-human gamma antiserum to detect the level of heavy 
chain bound to the anti-kappa coat. The results of these assays (Table 7) revealed that all of the cutbae 
25 supernatants from the cells transformed with plNG1440 (heavy chain, leu2) plus plNGl443 (tight chart. 
ura3) contained a disproportionately high level of fight chain protein relative to the levels of heavy chain 
protein, and no evidence (at least as determined by EUSA) of assembled fight and heavy chains. On the 
other hand, the supernatants from the cells transformed with p!NGl442 (heavy chain, ura3) + plNGl44l 
(light chain, Ieu2) contained a more balanced production of fight and heavy chain proteins?and eight of tan 
» isolates appeared to contain some assembled light and heavy chains as determined by ELISA. Two of 
these isolates. No. 1 and No. 5. produced a significant proportion of assembled light and heavy chain. 
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TABLE 7 


6 


TO 


ts 


70 


75 


JO 


JS 


[ LEVELS OF SECRETED CHIMERIC L8 UGHT AND HEAVY CHAIN BY YEAST TRANSFORMANTS* 

Ptasmida* 

lioiats No. 

***** 

Garrvni*. 

KappafGamme 9 

pING1440 + plNGl443 

1 

284 

SB 

0 


2 

324 

33 

0 


3 

473 

82 

0 


4 

387 

40 

0 


5 

316 

34 

0 


8 

188 

28 

0 


7 

381 

46 

0 


8 

489 

46 

0 


0 

360 

2B 

0 


10 

579 

32 

0 

plNG1441 ♦ pJNGl442 

1 

12B 

79 

35 


2 

150 

30 

1 


3 

124 

29 

0 


4 

165 

55 

5 


5 

114 

62 

35 


6 

139 

23 

5 


' 7 

149 

34 

5 


8 

245 

57 

12 


9 

202 

26 

11 


10 

157 

19 

7 


a . S. cerevisiae strain BB331C (MATa. Iau2. ura3) transformed to Ura* Leu* with plasmids canrying 


ura3 and Ieu2 with light or heavy chains. 
bTPlasmids: plNGl440 * heavy chain ♦ Ieu2; 
plNG1443 a light chain «■ ura3; 
plNGl442 » heavy chain 4~ura3; 
plNGl44l » light chain ♦ leuF 

c. nglnl measured by ELISATspecilic for human kappa with human Bence Jones protein as 
standard. 

d. ng*nl measured by ELISA specific for human gamma with human as IgQ standard. 

e. ng/ml measured by ELISA using anti-human kappa as coating antibody and antRonan gamma 
as second antibody with human IgG standard. 



-io Farther analysis was performed to determine H this association was the resiA of the synthesis of an 
HjLj-size protein. The culture supernatants from isolates Nos. 1 and 5, as well as from isolate No. 8 . which 
contained a much lower level of apparent light and heavy chain association, were concentrated by uftra- 
filtration on a Centricon 30 filter (Amicon Corp.). The concentrated supernatants were run on a 7% 
polyacrylamide gel under non-reducing conditions, blotted to nitrocellulose, and probed with goat anti- 
45 human kappa antiserum followed by peroxidase-labeled rabbit ant-goal antisenan. The concentrated 
supernatants from isolates No. 1 and 5. but not from No. 8 . contained a single immuttreactive band which 
co-migrated with the purified chimeric L 6 antibody from transfected Sp2/0 cells. These results suggested 
that isolates No. 1 and 5 were synthesizing and secreting assembled Lfl chimeric anttody. 

so (5) Pirrfication of chimeric L 8 antibody from yeast culture supernatant 

tn order to further characterize the Hi U-size protein secreted by the yeast and determine if this was 
assembled L 6 chimeric antibody, a sufficient quantity of yeast-produced material was punfied to allow the 
performance of various binding and functional assays. The plNGl442 ♦ 1441 transformant isolate No. 5 
55 was grow n for 58 hours at 30* C in a 10 -liter fermentor using a synthetic medium (Tti>te 8 ). The cells were 
initially grown In 9 Gters of the column A medium until the glucose level fell below 1 gri. it which time they 
were fed with a total volume of 2.5 L of medium from column B. Glucose levels were maintained at 0.5 g/L 
during the remaining course of the fermentation. The cells were removed by centrifi^ation and the culture 
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wts analyzed by EUSA tor the prmiKi of l^t and h a t> y Mi protaf na and lor ?■""* ai fgn 
of tha heavy vd Ight chains. The supernatant c ortrtno d approximately 250 ug/L of fight chain, 240 ug/L of 
he«vy chain, and 130 ug/L of heavy chain ass oc ia ted with ight chain, Tha culture Supernatant* wort rwt 
concantntad by uftraftttration over a D.C. 10 unit (Amicon Corp). filtered (tough 0.45 micro liter 
9 con c entrated over a YM30 filter (Amicon Corp ) to 250 ml The concentrated supematvrt was adjusted to 
pH 7.4 with KOH, brought to 500 ml with PBS (10 mM soOun phosphate, pH 7.4.150 mM eodlum chloride) 
and loaded on a 1 ml protein A-Sepharose (Sigma) column, pr^equi^rded with PBS. The column wea 
washed first with 20 ml PBS. followed by 10 ml 0.1 M socfem citrate. pH 3£. then by 10 mJ 0.1 M citric 
add pH • 2-2. The pH 3S and 2-2 efuatss were each collected in e tube containing 1 ml 2 M Trta base 
to (Sigma). The Wk of the fight and heavy chain Immunoreactive proteins were in the pH 3.5 eluate which 
was next concentrated over a Centricon 30 (Amicon Corp.) to a final volume of 106 uL Analysis of Wa 
protein on non-reducing polyacrylamide gels using ooomtssie blue sta inin g and tmmunobtottinQ with ant- 
human kappa antiserum (Sigma) to visuaftze the proteins revealed an *U-dae. 150 knodaltons. protein 
band TWs protein was purified away from othar proteins by HPtC using an AB, 5-micro eokmn 
f« eqifiHbrated with buffer A (10 mM KPO«. pH 6.0). After foatfng the sample on the column, (he column was 
washed with buffer A for 10 minutes (flow rate ■ 1 mUminute) and subjected to a linear gra di ent of 0% to 
50% buffer B (250 mM KPO*, pH 0.6) over 50 minutes at 1 mVminute. 


so 


ss 


30 


35 


40 a. Fermentation was performed as described in text 
b. Constituents of initial 9-liter batch, 
c Constituents of 2.5-liter feed batch. 


TABLE 8 


MEDIUM USED FOR YEAST FERMENTATION TO PRODUCE SECRETED L6 CHIMERIC ANTIBODY- | 

Ingredients 

A* 


1. Ceretose (Glucose) 

119 g/1 

538 pi 

2. (NH»)jSO» 

13.9 pi 

, 63.3 g/1 

3. Thiamine HCL 

0.011 pi 

0.05 pi 

4. Biotin 

0.00011 pi 

0.005 g/I 

5. Pantothenic acid 

0.002 gA 

0.009 g/1 

6. Inositol 

0.194 gA 

0.875 g/1 

7. HjPO* 

5.67 mM 

25.5 ml/I 

8. KHjPO. 

5.78 gA 

26.0 g/1 

9. MgS0.7H,0 

3.33 gl 

152 g/1 

10. CaCljJHjO 

0 33 gA 

1.5 g/1 

11. FeSO, .7H, O 

0.072 gA 

0.34 g/1 

12. ZnSO, ,7Hj O 

0.022 g/1 

0.104 g/1 

13. MnCfe.4HjO 

0.0039 g/1 

0.018 g/1 

14. CuSOt.5H>0 

0.0067 gA 

0.031 g/1 

IS. Conc.HzSO, 

0.0056 mM 

0.028 ml/! 


^ The bulk of the protein resolved into a single large broad peak between 20 and 50 minutes as 
determined by absorbance at 280 nm. A second smaller peak was observed el 52-56 minutes, which 
corresponded to the normal elution position for chimeric L0 antibody from transfected Sp2/0 cells. EUSA 
analysis of the column fractions revealed a major heavy ♦ fight chain cross-reactive peak corresponding to 
the U.V. absorbance peak at 52-56 minutes. Analysis of the 52-56 minute fractions on non-reducing SDS 
w polyacrylamide gels using coomassie blue staining and immunoWotting revealed an essentially pure protein 
which co-migrated with L0 chimeric antibody purified from transfected Sp2/0 cells. 

(8) Studies performed on the chimeric L6 antibody secreted by yeast 

The purified yeast-derived antibody was assessed lor function in several ways. First the purified 
antibody was tested for its ability to bind directly to an LB antigen-positive ceil fine. Second, the antibody 
was tested for fts ability to inhibit binding of mouse L6 antibody to antigen-positive cells. Finally, the purified 
antibody was tasted for two aspects of antibody function-the ability to mediate ADCC rn the presence of 
human peripheral blood leukocytes and the ability to kill L6 positive tumor ceils in the presence of human 
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complement 

Oirect Binding Amy. CeOs from « htxnan colon carcinoma Bne, 3547. which e g ntm appradm*tfy 5 
x 1(P molecules of the lB antigen per ctfl on the cefl surface, were used ss targets. Cats from tv T cel 
Ine. T51. were used as s negative control since they, accenting to previous tes tin g. do not spva 
s detectable amounts of the LB antigen. The target cefis were first incubated lor 30 min at 4*C wteiertier tte 
Sp2/0 cell- or yeast-derived chimeric L6 anftody or wfth mouse LB antibody standard purified from mouse 
asbtvs. This was followed by Incubation with RTC-tabeM goat-anti-faenan t mmix iogtotoufin for tie dimeri c 
antibodies or with FTTC-labeted god-antHnouse I mm uno g tobufin lor mouse standard Both tabeted 
antibodies were obtained from TAQO (Buringame. CA) and used at a ctihitfon of ISO. Antibody bMng to 
id tw ceil surface was determined using a Coulter Model EPtC-C cell sorter. 

As shown in Table 9. both the mammaHan and yeasHferived chimeric LB antibodies bound d gn fca ntfy, 
and to approx im ately the same extent to the LB p osi tive 3347 Bne. They did not bind tibove bacfcgnxnd to 
the LB negative T51 Ine. 

Inhibition of Binding. As the next step, the yeast chimeric LB a nti body and 9te SpVO os B dartve d 
is chimeric LB antibody were tes ted for their abifty to Inhibit the binding of an FTTC-labeled mcues LB 
antibody to the surface of antigen-positive 3347 colon carcinoma cefts. 

Both the yeast-derived and Sp2/0-dertved chimeric LA antfbocSes inhibited the binding of bteled 
mouse LB antibody and the binding curves were parafiel. Based on the results of these stutfiee. • rough 
estimate was made of antibody avidity. The avidity of the Sp2/0 cell-derived chi m e ric LB hed been 
so previously determined to be approximately 4 x 1(F. The data Indicated that there were no signtecant 
differences between the avkfities of yeast-derived chimeric LB and Sp2/0 ceilderived chimeric LB 
antibodies for the L6 antigen. 

Functional Assays. A comparison was made betw e en the ability of the yeast-derived chimeric LB. Sp&O 
ceilderived chimeric LB and standard mouse LB antibodies to lyse LB antigen-positive cells in the pr es en ce 
n of human peripheral blood leukocytes as a source of effector cells mediating Antibody Dependent Geftjtar 
Cytotoxicity (ADCC). As shown in Table 10. the chimeric L6 from yeast was sfightiy better than Sp20"cell- 
derived chimeric L6 and as previously observed, both were superior to the standard mouse LB in causing 
ADCC. as measured by a four-hour 51 Cr release test. 

A comparison was next made between the yeast-derived chimeric L6, Sp2/0 call-derived chimeric L6 
so and standard mouse L6 antibodies for their abilities to lyse L6 antigen-positive cells by complement- 
dependent cytolysis (CDC) when human serum was used as the source of complement. The results <ti this 
comparison (Table It) demonstrated that while both the Sp2/0-cell-derived chimeric L6 and standard 
mouse L6 antibodies exhibited high cytolytic activity, the yeast-derived L6 antibody failed to cause any 
cytolysis even at the highest antibody concentration. These results were unexpected and demonstrate that 
35 the yeast-derived antibody has new and unique properties. 

(7) Conclusions 

A process is disclosed by which yeast can be genetically engineered to secrete functional antibodies. 
40 The yeast-derived chimeric antibody in this example binds to the appropriate target antigen with approxi¬ 
mately the same avidity as the chimeric antibody produced by lymphoid ($p2A)) cells. The yeast-derived 
antibody also displays simitar ADCC activity as does Sp2/0-derived antibody. LNDcs the Sp2A) ceft-dorived 
antibody, the yeast-derived antibody displayed no CDC activity, thus demonstrating the new and trique 
properties of the yeast-derived antibody. This process should be applicable for the production of a variety 
45 of monoclonal antibodies and chimeric antibodies carrying chosen antigen btncfing domains Enked to a 
chosen constant domain isotype. Genetically engineered antibodies and derivatives thereof produced in 
yeast also will exhibit novel functional properties, for example, the ability to selectively mediate target bTEng 
by ADCC without any detectable CDC activity. The technology described herein may also be surtabte for 
the production of various other heterologous multimeric secreted proteins by genetically engineered yeest. 
to 
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TABLE I 


TO 


If 


BINDING ASSAYS OF CHIMERIC 16 ANTIBODY PRODUCED BY YEAST OR MOUSE Sp2C CSX8 
ON AN 16 ANTIGEN-POSITIVE AND AN L6 ANTIGEN-NEGATIVE CELL UNE 


Antibody* 


Bintfng Ratio* lor 


KS347 Ceil (UB ♦) 


T51 Cana (l» 


Standard Mousa LS 
SpZ/O Chimeric L6 
Yeast CNmoric LB 


66 

116 

116 


1.0 

1.0 

1.0 


a. Al wrfbo6a* wort usad at a concentration of lOugAnl. 

b. The blndfog ratio b the number of bmtt brightar a test sample la than a control sample 
trotted with HTC-conjuQtted second antibody. Goal anti-mouse antibody was used aa the 
second an t ib ody for standard mouse L6 monoclonal antibody. Goat anti-human antibody was 
used as the second antibody for the yeast and Sp20 chimeric LB antibody. 


TABLE 10 


ADCC OF CHIMERIC L6 ANTIBODY DERIVED FROM YEAST OR Sp2/0 CELLS AND STANDARD 
(MOUSE) L6 ANTIBODY ON COLON CARCINOMA CELL LINE 3347 

Antibody 

Antibody Concentration (ug/ml) 

% Cytolysi** 

Standard mouse L6 

5.0 

42 


1.0 

48 

Sp2/0 Chimeric 16 

1.0 

96 


0.1 

71 


0.01 

54 


0.001 

37 

Yeast Chimeric L6 

1.0 

114 


0.1 

108 


0.01 

76 


0.00! 

60 


None 0 23 

* The target cells had been labeled with * *Cr and were exposed for four hours to a combination of MAb 
40 and human peripheral blood leukocytes at 100 per target cell, and the release of 1 ’Cr was measured 
subsequently. The release of 5 'Cr (after corrections of values for spontaneous release from untreated 
cells) is a measure of the percent cytolysis. 
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TABLE 11 


C^O C.-J. 


HUMAN COMPLEMENT-DEPENDENT CYTOTOXIC EFFECTS OF CHIMERIC LB ANTOOOY PRODUCED 
BY YEAST OR MOUSE SfiS/O CELLS ON COLON CARCINOMA CELL LfC 3347 . 

Antibody 

Antibody GoncanWflon 
(ug*nJ) 

Comptomon** 

<♦ or-) 

•ercai uyvsyva 

Standard mousa LB 

5 

4 

122 


1 

4 

S3 


5 

- 

1 

Sp2/0 Chimeric L6 

5 

♦ 

73 


1 

♦ 

22 


0.1 

♦ 

5 


5 

- 

2 

Yeast Chimeric L6 

5 

4 

3 


1 

♦ 

2 


0.1 

4 

4 


5 

- 

2 


a Human serum from a healthy subject was used as the source of complement 
b Complement-mediated cytolysis was measured by a fois-hour s 1 0-retease assay. 


EXAMPLE VI: Secretion of Functional Chimeric Fab from Yeast 

The Fab portion of IgG consists of a single fight chain molecule coupled by a disulfide bridge to a 
single truncated heavy chain molecule consisting of the variable region and Cm? (Figure 31). This heavy 
x chain fragment is known as Fd. Fabs are potentially useful for a variety of therapeutic, and diagnostic 
procedures. In addition, they are amenable to production by microbial fermentation. 

The usual method for production of Fab involves the digestion of intact IgG with papain (see Figure 31) 
followed by purification of the Fab away from the Fc fragments generated m the digest. While this 
procedure is relatively straightforward and can result in high yields of Fab f it is somewhat time-consuming 
in that it first requires the production and purification of whole antibody followed by generation and, finally, 
purification of Fab. Furthermore, one-third of the whole antibody molecule-the Fc portion (Figure 31 Hs not 
* utifized. 

The recent advances in gene cloning and site-specific mutagenesis technology make possible a more 
direct and simple alternative approach for production of Fab molecules. In this approach, a stop codon is 
introduced in the heavy chain gene within the hinge region it approximately the oodon for the amino acid at 
which papain digestion occurs. The Fab is then produced directly by simultaneous expression of both the 
light chain and Fd genes to produce their respective proteins which assemble and are secreted from the 
cell. 

^ (1) Introduction of a stop codon in the hinge region of L6 chimeric heavy chain. 

The strategy for introduction of a' stop codon into the hinge region of L6 chimeric heavy chain is 
outlined in Figure 32A. The location of the stop codon within the hinge region and the DNA sequence of the 
mutagenesis primer are shown in Figure 32B. The stop codon placement corresponds to amino add 226 m 
Figure 31. This procedure generated the plasmid plNGl402 containing an Fd gene which codes for a 
protein consisting of 228 amino adds and extends six amino acids beyond the cysteine to which the fight 
chain is coupled. The mutagenesis also Introduced a unique Bell site st the stop codon which can be 
readily utifized for subsequent manipulations of the 3* end of PdT These include, but are not necessarily 
limiled to. removal of heavy chain 3 f untranslated DNA as wen as the engineering of various types of 
modifications of Fd including the addition of coding sequences for specific amino adds and the production 
of fusion proteins. 
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(2) Fusion of toe mitv* Fd gm to yeast tovartooa signal sequence and shortened PGK premotor. 

The strategy tor fusion of the Fd gene to 9m yeast tovertase signil uqum k* outSnod to Figve 33. 
This approach mode u» of toe prior construction of the yeast tovertase signal seq u ence matv* LB heavy 
s chcm fusion (Figure 26) and utilized a unique Apei aft* to to* J region of toe chimeric 16 hscvy chain to 
replace (ho constant region in piNGl4l5 ca no e ing of CmI. Cm 2, and Cm 3 with the constant region from 
pfffG14i2 containing the stop codon to tho hinge region. This procedure gonoratod the plasmid. pfNGUiB. 

(3) Removal of non-yeast 3* untranslated DMA. 
vo 

The introduction of a unique Bdl arte at the stop co don of the Fd chain provided e convenient method 
for removal of aD non-yeast 3* untranslated DNA. This was accompBshad using the strategy outSned In 
Figure 34, and generated the plasmid. plNQl42& 

Since the stop codon was introduced into 9m Nnge region by site-specific mutagenesis of a heavy 
vs chain frag m e n t cloned into M13, the posstoifity ex isted that unw ant ed mutations could have been introduced 
during the mutagenesis step. To ensure that such mutations were not present, an Fd gene fused to toe 
tovertase signal sequence and shortened PGK pro mo ter and consisting of known coding sequences was 
constructed using the strategy outlined in Figure 34, generating the plasmid, pfNGl444. 

so H) Construction of yeast expression plasmids co nt ain ing the chi m eric 16 Fd gene from plNGf 444 fused to 
the PGK polyadenytation signal. 

to order for yeast to produce an intact functional Fab molecule, a balanced synthesis of both Sght and 
Fd-chain proteins must occur simultaneously within the cell. As described in Example V, one approach is to 
75 place the ftght chain and Fd genes on separate shuttle vectors containing separate selective markers and to 
transform these vectors into a yeast strain defective for both selective markers. 

The Fd gene from plNGi444 (Figure 34) was cloned as a BamHI-Xhol fragment into two medium copy 
number yeast- E. coii shuttle vectors containing sequences for replicatiofTin yeast and the PGK polyadenyle- 
tion. transcription termination signal: plNG0O4CVS for Ieu2 selection and pINGliSO for ura3 selection (see 
30 Figures 29. 30). The two plasmids resulting from these "constructions-pING 1445 (ura3) arSTplNGl446 (*eu2) 
are shown in Figure 35. 

(5) Secretion of chimeric L6 Fab from transformed yeast cells. 

n Two separate transformation experiments were performed in an attempt to obtain both fight and Fd- 
chain synthesis in yeast cells. Four ug each of plNGl445 {Figure 35) and plNGl441 (Figure 30) and 
separately of ptNGi446 (Figure 35) and plNGl442 (Figure 30) were co-transformed into S. cerevisiae strain 
BB331c (MATa, ura3, Ieu2) by selecting lor growth on SD agar (2% glucose. 0.67% yeast nitrogen base. 
2% agar). Lira 4 Leu" 4 transformants appeared at two to three days of incubation at 30 * 0. 

40 Five colonies were inoculated from each plate into 6 ml SO broth supplemented with 50 mM sodium 
succinate, pH 5.5. and grown for 65 hours at 30*C. The cells were removed by centrifugation and analyzed 
by ELJSA for the levels of Bght chain. The results of these assays revealed that toe levels of light chain in 
the culture supernatants of the plNGl446 4 pfNG1443 transformants were three to six times higher than 
the levels to the culture supernatants of the plNG1445 4 plNGl44l transformants. The culture supernatants 
45 lor each group of transformants were next concentrated by uttrafiftration on a Centricon 30 filter (Amicon 
Corp.) and rvi on a 10% polyacrylamide gel under non-reducing conditions. The proteins were Wotted to 
nitrocell u lose paper and probed with goat anti-human kappa antiserum followed by peroxidase-labeled 
rabbct-anthgoet antiserum. The concentrated supernatant from the p!NGl446 and plNGl443 transformants 
contained a significant anti-kappa cross-reactive smear over a large portion of the blot with only a faint 
so cross-reactive band at the position expected for the Fab protein. By comparison, the concentrated 
supernatants from pINGl445 4 piNGl44l transformants contained relatively Ittle smeared and-human 
kappa cross-reactive protein on toe Wot. to addition, one of the five samples (No. 4) contained an especially 
intense, distinct anti-kappa cross-reactive band which migrated at the position expected for an Fab protein. 

95 (6) Purification of chimeric LB Fab from yeast culture supernatant 

To establish that the Fab-size anti-kappa cross-reactive protein secreted by the yeast is indeed 16 
chimeric Fab protein required the purification of sufficient quantities for performance of binding assays. The 
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plNG1441 ♦ p(NQl44$ ftraformant botate No. 4 was, therefore, grown in on* tar of 80 farott 
typpiomonM wfth X mM sodium suedntt. pH 5-5. lor 95 hour* * 30*0. The cwfts woro removed by 
centrifugation and the cufere supernatant va analyzed by EUSA for the level of Ighf cM ptbn. The 
eupem^am contained approdmatety IX ugri. of Bght chain protein The cuftwe eupsmatant wm im 
$ concentrated by uftrafiftration over an Arnicon YMX Alter to 20 mL The ronranfttad Kismet** was 
washed with IX ml 10 mM potassium pfophate. pH 7.5 (buffer A) end re-concenMed over foe YMX 
filter to 123 ml The concert tied s up e rna tant was next brought to 54 ml with buffer A and loaded o*o a 
13 ml S-Sepharoee cotorhn equilibrated wifft buffer A. The column was washed with X ml buff* A m3 
subjected to e Inear grata* of 0 to 200 mM sodium chloride In buffer A (40 ml total volume). BJ&A 
to analysis of the cotomn fraeftons revealed a targe an tM ca p pa cross-reactive peak b e t w e en iraefion e 8 and 21 
corresponding to a salt conce n tr a tion of appr oximat ely X mM. These fractions were pootad, concenfr at e d 
on Arnicon YM10 and CeneteorviO fitters (Amicon Cdrp.) to 51 ul and analyzed on norHOdudng arxj 
reducing pdyecryUmide geta using coomassie blue staining and Western blotting wffh arta-humvi t^pe 
and anti-human Fab antfaara. These analyses revealed an essentialty pure protein which mlgr a tad at 
is approximately 46 led on the non-reducing gel and resolved into two bands running at apprtamatefy 23 mJ 
243 kd on the reducing gel which corresponds to the pretatad (based on amino add sequence) motecUar 
weights for light chain and Fd proteins, respectively. The smaller of the two bands strongly reacted with 
anti-human kappa antiserum on the Western blot Both of the protein bends reacted with wti-humwi Feb 
antiserum on the Western blot 

20 

(7) Studies performed on the chimeric L6 Fab secreted by yeast. 

The primary activity of an Fab molecule ta Its abifity to bind to the target anti gen. The yeast-dwrved 
chimeric Fab was. therefore, tested for Its abtfity to bind directly to an L0 antigen-positive oefi fine art for 
23 its ability to inhibit binding of mouse 16 antibody to antigen-positive cells. 

Direct Binding Assay . Cells from the human colon carcinoma cell fine 3347. which contains the LB 
antigen at the cell surface, were used as targets. Cells from the antigen-negative cell line. T51, were used 
as a negative control. The target cells were first incubated tor X minutes at 4*C with eitto yeasl-derived 
chimeric 16 Fab. Sp2/0 cell-derived chimeric L6 antibody, or with mouse L6 antibody. This was followed by 
jo incubation with RTC-labelled goat anti-human kappa immunoglobulin for the chimeric Fab, FtTC-labened 
goat anti-human IgG tor chimeric antibody, or with FITC-labelled goat anti-mouse immunoglobulin tor the 
mouse antibody. Both labelled antibodies were obtained from TAGO (Burlingame. CA) and used at a 
dilution ot 130. Antibody binding to the ceO surface was determined using a Coulter Model EPIC-C cell 
sorter. 

J5 As shown in Table 12. the yeast-derived chimeric LB Fab bound to the 16 positive 3347 fine. The yeast- 
derived chimeric L6 Fab <fid not bind above background to the L6 negative T51 fine. 

Inhibition of Binding . As the next step, we studied the extent to which graded doses of the yeasl-dwfved 
chimeric L6 Fab or Sp2/O-ce0-derived chimeric L6 antibody could inhibit binding of an FTTC-tabelled mouse 
16 antibody to the surface of antigen positive colon carcinoma 3347 cells. 

40 The yeast-derived chimeric 10 Fab inhibited the binding of the directly labeled mouse LB antibody. A 
higher concentration of the yeast LB Fab, however, was required to achieve 50% inhibition of mouse LB 
antibody binding to the target cells than was required for the same degree of binding kUtibition by Sp2/0 
cell-derived chimeric LB antibody. 

as (0) Conclusions 

A process is disclosed by which yeast ewi be genetically engineered to secrete functional Fib domains 
of immunoglobulins. The yeast-derived chimeric Fab to this example binds to the appropriate target antigen. 
Such Fab molecules provide convenient targeting agents tor a variety of diagnostic and therapeutic uses, 
so This process also demonstrates the feasibility of secretion of heterologous heterodimeric molecules from 
yeast 
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TABLE 12 


BINDING ASSAYS OF CHIMERIC LB FAB PRODUCED BY YEAST ON AN LB ANTKJBt-POSmVE AND AN 

L6 ANTIGEN-NEGATIVE CELL LINE 

Antibody* 

Bindtog Ratio* lor. | 


3347 CeOs (16+) 

T51 CaBi (LB-) 

Sp2/0 Chimeric 16 

103 

1 

Yeast Chimeric LB Fab 

32 

1 



a. A!) antibodies war* used at a concentration of 10 ugftni. 

b. The binding ratio 1$ the number of times brighter a test temple is than a control te mpts treated 
with FTTC-con]ugated se cond antibody. Go* anti-tamen ant&ody was used as the s econd 
antibody for the Sp2/Q chimeric 16 antibody and goet-tnti-human kappa antibody was used as tv 
second antibody for the yeast Fab. 


EXAMPLE VII: Secretion of Function*] Chimeric Fab Molecules From Bacteria 


so 


75 


30 


35 


40 


Bacteria are suited for production of chimeric antibotfes expressed from mammaian cONA sines arttire 
coding sequences can be expressed from well characterized promoters. Es ch eri c h ia coi is one of many 
useful bacteriaJ species for production of foreign proteins (Holland, I.B., et al., BioTschnoiogy 4:427 (1666)). 
since a wealth of genetic information is available for optimization of its gene agression. E cotTcan be used 
for production of foreign proteins Internally or for secretion of proteins out of the cytoplasm, where they 
most often accumulate in the periplasmic space (Gray et «]., Gene 39:247 (19®); Oka et si.. Proc. Nati. 
Acad. Sci. USA 82:7212 (1985)). Secretion from the E. edi cytoplasm "has been observed for many proteins 
and requires a signal sequence. Proteins produced internally In bacteria are often not folded property and 
precipitate into subceflular particles called inclusion bodies (Schoner et al., BioTechnology 3:151 (1985)). 
Protein secreted from bacteria, however, is often folded properly and assumes native secondary and tertiary 
structures (Hsiung et al.. BioTechnology 4.-991 (1986)). Although immunoglobulin peptides have been 
synthesized in genetically engineered E. con (Cabilly et al., Proc. NatJ. Acad. So. USA 01:3273 (1984); Liu 
et al ., Proc. Natl. Acad. Sci. USA 81:5369 (1904); Boss et al ., Nucl. Acids Res. 12:3791 (1984)), thers are no 
reports ot secretion of these Peptides Irom E coli as functional antibodies or antibody fragments. 

An Fab molecule consists of two nonidentical protein chains linked by a single tfsulfide bridge. These 
two chains are the intact antibody light chain and the V, J. and C*1 portions of the antibody heavy chain, 
Fd. The proper cONA clones for the L6 chimeric Tight and Fd gene have already been identified. In this 
example, these cDNA clones were organized into a single bacterial operon (a dtcistron«c message) as gene 
fusions to the pedate lyase (pelB) gene leader sequence from Erwtnia carotovora (Lai et al., J. 8acteriol.. tn 
press (1987)) and expressed from either of two strong, regulated promoters. The result is a system for the 
simultaneous expression of two protein chains in E cofi; and the secretion of immunologicaty active, 
properly assembled Fab of L6 chimeric antibody into the culture growth media. 


A. Construction of E. coli expression systems for L6 Chimeric Fab. 


1 . Assembly of the pelB leader sequence cassette. 


Erwinia carotovora EC codes for several pedate fyases (pofygataduronic add trans-eiminase) (lei et 
al.. Gene 35:63 (1985)). Three pedate lyase genes have been cloned, and the ONA sequence'* these 
so genes has "been determined. When cloned into E coli under the control of a strong p romoter, the pefB gene . 
rs expressed and large quantities of pedate lyase accumulate in the periplasmic space. The pe<6 signal 
sequence functions efficiently in E coR and was used as a secretion signal for antibody genes In this 
. example. The nucleotide sequence surrounding the signal sequence of the pelB gene is shown in Figure 
36a. 

55 The pelB signal sequence contains a Hae(It restriction site at amino acid 22, adjacent to the signal 
peptidase cleavage site: ala-ala. Plasmid pSSi004 (Lei et al .. J. BaderioL . in press (1987)), co nfrtng the 
pelB gene in plasmid vector pUC8 (Vieirra and Messing. Gene 19:259 (1982)), was digested with Hae 111 and 
EcoRI. This ONA was ligated with an eight base pair Sstl Inker to Sspl and EcoAl cut pB®22. The 
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resulting plasmid co nta in e d a 300 bp fragment which Included the 22 amino add Mar te^ance of p«B 
and about 230 bp of upstream E. c art tovora DNA. Thca ptasmkJ p**3173s concd na an heart toat open 
digestion wfto Sati and ftraatment with T4 dHA poiymeraee can ba Igafted dkectfy to • DMA fragment 
flanked by toe “Bit amino acid of a matua oodng sequence for any gene to generate a pratoin Won 
s containing a tonctionaJ bacterial leader a aq u anoa In frama wtth the incoming pana. The 8*1 to EcoRJ 
restriction fragment in pfNG173 was donad Mo pUClB {YanteMtoron at at , Qana tt® (1MSITto 
panerata pRR 175, which contains the pe*B iaadar and adjacent upstream norwcodfog aaquanoa pnctalnp a 
ribosomt binding arta) downstream of the toe promotor. Tha construction of pRR175 is outonad In Rgw* 
36b. 
ra 

2. PreparsSon of chimeric 16 Rght pana for bacterial expr ess ion. 

The intact 10 c him eric Bght chain pana contain i ng an Astfl restriction atte at toe egn* nqm 
processing tfta and a unique BgfH she downafream of tha pana was — de a d from toe yea* expres s ion 
15 plasmid ptNGl298 (Figure 2SaTas a 1200 bp ONA fragment This fragment was fnsartod into ptoamid 
pRRITS Tha resulting plasmid. pRRl77-8. cont ain ed an In-frame fusion of tha pafB iaadar and toe L6 Ight 
chain downstream of toe toe promoter r ee king in the parent plasmid. A number of deriretoee of fris 
plasmid ware constructed todelete noncoding sequences from both tha 5* and 3* ends of tie pet8:4gh* 
chain gene fusion in pRRl77-8. Upstream noncoding sequences were deleted making uaa cfan Ndai 
to restriction site at -48 bp from tha pelB leader sequence initiation codon (Ttgure 36) genendng pRRI^L 
The T noncoding sequences were eliminated by substituting a fragment from the plasmid optimized for LB 
Rght chain expression in yeast. plNGl431 (pee Figure 27a), into pRR179 to generate pRRlPI. Another 
plasmid. pRRl90, is similar to pRRlBl but conteini 90 bp of noncoefing eukaryotic ONA at tha T end of the 
ight chain gene. These constructions are shown m Figure 37. 

75 

3. Preparation of chimeric L6 Fd gene for bacterial expression. 

The intact LB chimeric Fd gene containing an Sstl restriction site at the signal sequence processing 
site, a Bell site introduced by site directed mutagenesis (Figure 32a. b) and creating a termination codon at 
oo amino acid 226. and a unique BamHl restriction site downstream of the gene was excised from the plasmid 
plNGl406 (Figure 33) as a 680 bp DNA fragment. This DNA fragment was inserted into plasmid pRRi75 
generating an in-frame fusion of the pelB leader sequence and the L6 Fd gene downstream of the toe 
promoter. pRRl78-5. A number ot derivatives were constructed to delete noncoding sequences from both 
the 5’ and 3’ ends of the sequence contained in pRR178-5. The 3* noncoding sequences were eliminated 
as by substituting a restriction fragment from the plasmid optimized for L6 Fd expression in yeast. ptNGM28 
(Figure 34). which contains an Xhol linker immediately following the termination codon of the Fd gene, 
generating plasmid pRRl88. Removal of E. caratovora ONA sequences upstream of the Ndei »te at -48 
from toe leader sequence generated plasmid pRRl96. The construction of these plasmids a shown in 
Figure 38. 

40 

4. Multicast! onic expression system for light chain and Fd gene. 

For production of bacterialty derived Fab, both Rght chain and Fd need to be produced sknuftaneousty 
within toe cell. Using the plasmids constructed with each of these genes separately, a series of expression 
*3 vectors were constructed that contain both genes aligned so that transcription from a single promoter wilt 
sp ecify both genes. This was done in a way that minimized toe noncoding DNA between the two genes to 
60 bp. Each gene has a ribosome binding she needed for translation Initiation and the identical DNA 
sequence from -48 to the pelB leader::antibody gene junction. Several cloning steps were retired to a*gn 
the two genes together. A portion of the Rght chain gene (inked to the pelB leader in pRRl80*2 was cloned 
50 downstream of the Fd gene In pRRi88 to generate pFKIOO. The reminder of the Rght chain gene was 
subcloned into pFKIOO from pRR177-8 to generate pFKlOl. Similarly. DNA fragments containing 3* 
deletions of eukaryotic sequences from pRRl90 and pRRl91 were cloned into pFKlOl generating pFKi03 
and pFKl02 respectively. DNA fragments from pRR102 and pFKlOl were ligated to generate pFKl04 which 
contains a deletion of sequences upstream of -48 bp from the Fd gene. Maps of the Fd and Rght chain 
55 gene cassettes in these plasmids are shown in Figure 39. 
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5. Placement of (he tftcUtiurtiu menage ter fight chain and Fd uider ffw cor*t* of Mudbfa pamom. 

Plasnadt pFKIOl, pFK102. pFK103, and pFK104 contain Fd and Ight chain genet cloned sequentially 
undar tha control of the tec promoter in vector pUCl8 or pUCl9. In E col strw auch aa JM109 PladO 
6 (Messing at §1 ., Nud. Adds. Res. 9:306 (1881)), tha amount of fight chain tost accumulates in tha pajpSn 
is not affected by tha lac promoter*inducing agent teopropj Ft R thlng>ta~lnpjrrriai1a (tPTG), aaa Table IS. 
In addition, bacterial growth is slower (compared to oaOs containing pUClS), and bacterid colonies ad db f l 
an altered morphology being small dry and rough, suggesting that constit u tive I bralg n gm t^w*qn la 
deleterious to call growth. Two strategies ware used to place this gene undar more tightly 

io regulated prom o ter s . 

First a Psu to EcoRJ fragment from pFK104 was Cgated to pTT206 to place the Fd tight chten gene 
cassette under the direct control of the Saimonefla typhfrnurfum araB pro moter, a well ch a r ac te ris ed, strong 
promoter in E cofi . A restriction map oi p!T206 and conatroctibnoT plT104 Is stown in Figure 40. Use of 
the araB promoter and its regulatory protein areC ter tha e x pr essi on of bacterial gen es la described in U.S. 
is PvterOppfications 685,309 filed January 28. 1885. end 797,472, filed Nove mb er 13, 1965. Aa la seen In 
Table 14, the resulting plasmid, PIT104, Is now regulated for the synthesis of tight chain by the additio n of 
arabmose to the culture growth media. At least 10 fold Induction is effe cted by ar ab in os e adtftion. Although 
Fab secreted into the growth medium increases more than 10 fold, ceil growth stops after induction with 
arabtnose. This confirms that high level expression of the Fab genes Is deleterious to bell growth. Bacterial 
so colonies harboring pfTl04 are phenotypically Indistinguishable from E cofi hartxxtog pTT208 when grown in 
the absence of arabinose. 

Second, a DMA fragment containing the laci gene, a repressor of the lac promoter, was cloned into the 
high copy expression vector pFKlQ2. Expression of lad from a high copy number vector is useful to 
regulate expression of the lac promoter on a high copy”number vector (Russel et al.. Pl a smid, in press 
95 (1987); Hsuing et al . Biotechnology 4:991 (1986)). A 1.7 kb EcoRI fragment contarnlhg the lad gene on 
pMC9 (Cdos et_al, Proc. Natl. Acad. 5ci. USA 80:3015 (1083)) was excised, filled in with T4 pdymerase to 
biuni ends, ligated with Pstl linkers and cloned into the unique Pstl site of pFKl02 to generate pFKl02laci. 
The map of pFK102 laci is shown in Figure 40b. The selection procedure used to identify the correct clone 
assured that the resulting plasmid. pFKl02lacj. contained a functionally repressed lac promoter. All white or 
oo light pink colonies on MacConkey-lactose plates contained plasmids with laci inserts while transformants 
containing pFKl02 alone were red. indicating the functional repression of thelac promoter by the high copy 
number laci gene. Table 14 shows that expression of bacterial Fab from cells containing pFK102laci is 
similar to expression from pFK102. Unlike cells containing pFK102. which formed aberrant cotonieTlnd 
grew slowly in broth culture, cells containing pFK102laci resembled those containing pUCIB. 

35 

B. Expression, SDS-PAGE. and Purification of Bacterially Produced Fab 
1 . Growth ol E. cofi harboring cloned antibody genes. 

40 Plasmid ONA was transformed into either E^coli JM103 or MC1061 by standard E. cofi transformation 
procedures. Bacterial cultures were grown m TYE (tryptooe 1.5%, yeast extract 1j0%, and NaCJ 0-5%) 
supplemented with the appropriate antibiotics (penicillin 250 ug/ml, tetracycfine 15 ugfrnl). Bacterial cultures 
were grown in volumes of 5 ml to 1 liter at 37 • C to an optical density OD600 • 0.8 (approximately 4 X 108 
cellfrnl) and aliquots were induced with IPTG (0.2 mM), lactose (1.0%), or arabinose (1.0%). Cultures were 
^ grown for an additional time period of 4 to 21 hr. Portions of each culture were analyzed for tight chain 
production. Protein was released from the periplasmic space of E. cofi cells by osmotic s hock as described 
(Yanagida el al , J. Bacteriol. 166S37 (1986)). Alternatively, culture supernatants were assayed directly tor 
the presence of antibody chains. 

Quantitation of L6 tight chain was by EUSA with goat anti-human Kappa tight chain antibody (Cappef. 
so Malvern, PA). Fd could be detected by EUSA with mouse monoclonal anti- human Fd antibody 
(Calbtochem, San Diego. CA). Table 13 shows representative data for expression of fight chain reactive 
material in E. cofi periplasmic extracts. Light chain Is secreted from the bacterial cytoplasm into the 
periplasm. Antibody chains are also released from the bacteria into the culture supernatant This is an 
unusual discovery and may be a unique property of the LB Fab among eukaryotic proteins expressed in E. 

55 colt. Under certain conditions, however, bacterial proteins are known to be released from E. cofi (Abrahmsen - 
et al .. Nucl. Acids Res. 14:7487 (1886); Pages et al.. J. Bacteriol. 169:1386 (1986)). Table 14 compares the 
amount of light chain secreted into the periplasm with the amount secreted into the culture supernatant 
Light chain reactive material is present in plasmid containing cultures harboring cloned fight chain alone or 
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IgM chain plus Fd. Ths beat producers of Fab (pFKlG2, pFK104, and pFK102tod) typically stools 300 • 
1000 rv'ml of EUSA r ea ctive Igfl chain into the culture medta. A separata conctet m* mad eto wh ich toe 
Bght Mn pens is f otewed by toe Fd pans (pFKl07). This construct tffocts ayntotexa and sscro don to F ab 
at iMv teveta to ths constructs with ths ponss In the Inverse order. Thus, ths pens ordsr Is not oldest tor 
3 secretion of Fab. 

2_ SOS-PAQE of beetoriaOy produced chimeric LS Bght chain and Fd. 

BactsnaOy produced anybody chains were analyzed by polyacrylamide pel electrophoresis under 
io reducing and non-reducing condtiortt Protein extracts of lysed whole bacterial calls, protein released from 
tfte perip tasm ic space by oemotic shock, and protein secreted Irrto the cufUse supernatant were analyzed 
electrophorvtfca&y. Transfer of pal se p ar ated protein under fufl reducing condttone to nttrocefcrtoee and 
ImrmsiolopicaJ staining with goat end-human fight chain antibody by Western antaytos revealed that a 
protein of the same molecular w e i g h t as authentic L0 chimeric Bght chain was present (abort 23 Kd). 
it Analysis of protein samples by SOS-PAGE under non-reducing conditions showed that extracts from calls 
harboring a plasmid wtth the Bght chain gene alone (pRFIFI or pRfllBO) contained a targe proportion of the 
fight chtm reactive material associated Into a higher molecular weight form. Much of mis mtearisf ran at 
about 46 Kd in whal Is Ikefy to be s fight chain dimer, light chain dimers have been observe d from 
myeloma cells producing only Bght chain. There are also other Immunoreactive protoin bands that may 
so represent non-specific disulfide formation between light chain and E. col proteins. Protein samples 
(periplasmic extracts or culture supernatants) from E. cod cells harboring bom the fight chain and the Fd 
genes cont ai n s Bght chain reactive band at about 48 kd when separated under norwedudng pel conditions 
which runs at a slightly higher molecular weight than the bacterial fight chain dimer. This material Is 
Pact snail y produced L6 chimeric Fab. tn E. coK harboring pFK102leci. pFKIOI. pFK102, pFK103, or pFK104 
*5 the 48 Kd band observed on an SOS gel run under non-reducing conditions Is the meet prominent 
immunoreactive specie. In addition, the background smear of immunoreactive proteins seen in extracts 
containing the light chain only is greatly reduced in extracts from cells containing both fight chain and Fd. 

3. Purification of bacteriafly produced chimeric L6 Fab. 

x ■ 

Immunologic ally and functionally active (see below) bacterial Fab was purified from either culture 
supernatants or periplasmic protein extracts of E. coli harboring pFK102jaci or plT104. For punfication of 
periplasmic material, the periplasmic fraction from 1 liter of cells induced for 4 hours was released into 50 
ml of distilled water. This material was centrifuged for 20 minutes at 5000 g and filtered through a 0.45 um 
as filter. The periplasmic extract was then concentrated over a YM10 membrane (Amicon) to about 5 ml. This 
material was diluted 8 fold into starting buffer (10 mM K2HP04, pH 7.5) and applied to a 1 ml S-Sepharose 
column at a flow rate of 1.0 ml/min. The column was washed with 25 ml of starting buffer and eluted with a 
0 to 200 mM NaC! gradient in starting buffer (200 ml total volume). The immunoreactive gradient peak was 
pooled (elution was at about lOOmM) and concentrated on a Centricon 10. Purified Pab was stored in PBS 
40 ♦ 2.0% BSA. 

For purification of secreted Fab from 1 liter of bacterial culture supernatant, the cefts were removed by 
centrifugation after growth for 21 hours with inducing agents and the supernatant was filtered through a 0.45 
um fitter. The media was concentrated over a YM10 membrane (Amicon) to about 18 ml, then diluted with 
10 mM K2HP04 to 105 ml. This material was applied to a 1.8 ml S-Sepharose column and stated with a 0 
43 to 200mM NaCl gradient in 40 ml. Fab recovered from S-Sepharose chromatography was greater than 70% 
pure as determined by densitometry tracing of a nonreducing, ccbmassie stained, 10% acrylamide gel. The 
Fab purified from bacterial culture supernatants resolves into two major protein bands of about 23 Kd and 
245 Kd on a 15% reducing gel. The molecular weight of Fd and fight chain based on the DNA sequence 
are 245 Kd and 23 Kd which corresponds weU to the observed protein sizes. The smaller of the two bands 
so strongly reacted with goat anti-human Kappa fight chain antiserum on a Western blot. Bacteria] Fab punfied 
from either the periplasmic space or bacterial culture supernatants are indistinguishable by all analytical 
criteria tested here. 

4. Functional binding activity of bacterialiy produced chimeric 16 Fab to the 16 antigen. 

S3 

Bacteriafly produced Fab purified by S-Sepharose chromatography was tested for binding to L8 antigen 
containing cells. As shown in Table 15. bacterial Fab binds specifically to the human colon carcinoma cell 
fine 3347. Cells from the T cell line T5i were used as a negative control. Target cells were incubated for 30 
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minutes * 4 • C with bactertafty produced LB chimeric FA intact 10 cHmric a n tib od y produced In 8p2.T> 
cells. or mouse Ifi in ti body purified from mouse sadtae* This «n toBoeed by in cnheBo n wfth FTTO-tabefiod 
goat anti-human fight chain antibody for Fab detection. FTT C la beBe d goal anti-human ftmmuiogtobuln tar 
chimeric antibody detection, or with FITC-tabefled goat anti^nurine imm un ogtobufin tar mouae a ntibody 
5 detection. Antibody bin# ng to the ceQ surface was determined using a Coutter Model EPIC-C cel sorter. 

Bectoriafty p rod u ced Fab abo exhibits characteristic btrxfing inh ib tBo n of FTTG-tabefled mouse LB 
antibody to the surface of antigen positive 3347 colon carcinoma cels. Bactsriaffy produced Fab and $p24> 
derived chimeric LB have similar binding inhibition pro fil es, thereby suggesting that the avidity of bacteria#* 
produced Fab and Sp2/0 derived chimeric LB are similar, 
ro 

Conclusions 

A novel process is cfisclosed whereby E. coO has been used as a host to produos functionally actiw 
Fab domains of immunoglobufini and to secrete” these into the perip Us mte space and abo in the cutase 
is medium. This molecule exhibits binding properties expect e d of a property assembled an ti body recognitio n 
site. This technology can be used to express antibody genes with other binding sp e ci fi ci ti es in E. coO . 
t. Proteins encoded by modified antibody cONA clones can be secreted from bacteria using a signal 
sequence. 

2. Two antibody genes can be expressed from e single bacterial promoter aa a did strode message. 

» 3. Two foreign proteins (in this example antibody light chain and Ftf) can assemble property, I.#.. assume 

correct secondary, tertiary, and quaternary structure when secreted from bacteria. 

4. At toast two, and probably many bacterial promoters can be used for expression of antibody genes. 

5. This example Is a general method whereby genes encoding other antibody chains can be expressed 
together as a dicistronic message: these include either tight chain and Fd genes or fight chain and Intact 

as heavy chain genes. 

6. The gene order with respect to the promoter is not important in the ability of E. cofi to produce FA A 
construct of the Fd gene followed by the light chain works as well as the genes organised in the inverse 
order. 

7. Fab can be secreted from E. coti into the culture supernatant where it is stable and can be purified, 
ao Most Fab chains that pass the cytoplasmic membrane are secreted into the Culture supernatant. 

Microorganism Deposits 


Saccharomyces cerevisiae BB331C (41/42-5), G187 was deposited at the ATCC on July 9, 1987 and given 
35 access number 20856. Escherichia coti JM 103 (pFKi02l aci), G106 was also deposited therein on the 
same date and given access number 67457. Both deposits were under the Budapest Treaty. 


55 






r~ 1 


i i * 


« t. 


9 


EP 0 660 400 A2 


!C.S c. — 


CUIms 

a 1. A chimsHc hssvy ctviin immunoglobulin molecule or • fragment thereof Inked to a prokaryotic 
polypeptide secretion signal. 

2 . A molecule as claimed in claim 1 wherein the fragment is an Fd fragment 
to X A cWmeric fight chain immunoglobufin molecule finked to a prokaryotic polypeptide secretion signal. 

4 . A c him e ric Fab immunoglobufin molecule linked to a prokaryotic signal peptide. 

5 . A chimeric Fd immunoglobulin molecule finked to a prokaryotic signal peptids. 
is 

6 . A polynucleotide molecule encoding the Fd fragment of a chimeric heavy chain immunoglobulin 
comprising a restriction site at or downstream from a stop codon therein. 

7. A process ol preparing the Fd portion of an immunoglobulin heavy chain having a constant human 
vo region and a variable non-human region the process comprising: 

culturing a host capable of expressing the Fd portion under culturing conditions and 
recovering from the culture the Fd portion of the heavy chain. 

& A process of preparing the Fab portion of a chimeric immunoglobufin containing a heavy chain and a 
» light chain, each of the heavy and fight chains having a constant human region and a variable non¬ 
human region, the process comprising: 

culturing a host capable of expressing the heavy chain, or the light chain, or both, under culturing 
conditions; and 

recovering from the culture the Fab portion of the chimeric immunoglobulin molecule. 

00 

9. A process as claimed in claim 8 wherein the Fab fragment is - produced from the host in fully folded, 
assembled and functional form. 

10. A process of preparing a fusion gene containing a chimeric immunoglobulin fragment and polypeptide 

as signal moiety, the process comprising: 

operable finking a genetic sequence encoding the polypeptide signal moiety to a genetic sequence 
encoding a chimeric Fd fragment; and 

expressing the fusion gene in a host cell. 

40 11. A process as claimed in claim 10 wherein the host is prokaryotic. 

12. A process as claimed in claim 10 wherein the host is eukaryotic, preferably yeast or other fungus. 

11 A polynucleotide molecule encoding an immunoglobufin molecule as claimed in any of claims 1 to 5. 
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TABLE 15 


BINDING ASSAYS OF BACTERIAL Fab 

Antibody 

Binding ratio* 


3347 ceils LB* 

T51 calls LB- 

Standard mouse LB 

85 

1 

$p2A) chimeric LB 

116 

1 

Bacterial LB Fab 

64 

1 

Standard LB Fab 

16 

1 


* The binding ratio is the number of times brighter t test sample ts than a control 
sample treated with FITC-conjugated second antibody. 

Standard L6 Fab was prepared by enzymatic digestion of mouse LB antibody. 
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FIG. 2 


la fcMVT chi In J-C fqlon 
^wiii bt>rr chain J ragIona 

JI1 CCT«AT»C?TCCAeC*eTe6eceC*CCCCACCCTeCTCACteTCTCC?CAC 

JI2 CTACTCCT ACTTCC A TCTCTC CCSCCCTCCCACC CTGCTC AC TCTCTCCTC AC 
jjj A lUM.) C ATCTCICCCGCCAAgCCA CAATC CTCACCCTCTCTTCAC 

jg4 ACTACTTTgACTACTCCSCCCAACCAAC CCTCCTC A CCC'J CICKC AC 

J|S ACACTCCT5CSACTeeT60CgCCAAC0AACCCT CCTC Aw %<»JwICCIC AC 

JIC AT(TAC)«©CTATBB ACCTCTCCCSCCAACC6ACCACCCTCACCCTCTCCTCAC 
ynnaawacl ** ICBACCTCTCSSCCCAACCAACeCTCeTCACeCTCTCCSCAC 

■amt haavr chain J f qlona 5 • 

JHl TACTCCTACTTCCATCTCTCCCCCC CACCCACCA CGCTC ACC S ICT CCTC AC 

j B 2 TACIT TCACTACTCC5CCCAACCCACCACTCTCACACTCTCCTCAC 

JB3 CCTCCTTTgCTTACTCCCCCCAACCCACTCTCCTCACTCT CTCTC CAC 

JB4 TACTATCCTATCgACTACTCCCSTCAACCAACCTCACTCAC CCTCTCCTC AC 
Contanaua TTIGACTACTGCCCCCAAggCACCACCGTCACCCTCTCCT^AC 


9 I CI2 


CB1 


Xq light chain 3-C fusion 
bacan lappa 9 taplon 


J I C 


3X1 CCACCTTCeeCCAACCCACCAACCTCCAAATCAAAC 
3X2 ACACTTTTCCCCACCCCACCAACCTCCACATCAAAC 
JB3 TCACTTTCCCCCCICCCACCAAACICCATATCAAAC 
3Xi TCACTTTCCCCCCACCCACCAACGTCCAgATCAAAC 
3X 5- TCACCTTCCCCCAAgCGACACCACICCACATTAAAC 
Cer»«n»u» TTCCCCCAACCCACCAACCISSACATCAAAC 


»oaat lappa 3 raqlon 


3X1 TCCACCTTCCCTCCACCCACCAACCTCCAAATCAAAC 
TACACCTTCCCAC CCGGCACCAAC CTGGAAATAAAAC 
4K3 TTCACATTCACTCATCCCACCACACTCCAAATAAAAC 
JX4 TTCACCTTCCGCTCGCCCACAAACTTCCAAATAAAAC 
JK5 CTCACCTTCCGTCCTGCCACCAACCTCCACCTGAAAC 
Conaanaua TTCCCTCGCgCCACCAACCTCCAAAT AAAA C 
iilClWlJ" ^TCCnCCACCTTTATTTTCj. 


bccan Caabda patado 9 rtqlen 9 

9TSH CACATCTTTCCCACCAACACCCACCCCACTCrCTTAS 


9 I C 


*oua<^ti»b4^^^cagion 

911 TCCC.1CJTCCCTCSACCAACCAAACTGACTCTCCTAG 
JLi TAiermCCCCCCTCCAACCAACSTCACT-TCCTAC 
31) TTTATT?TCCCCACTCCAACCAACC7CAC7C«CC.AC 
Conatntut TTCCCCCGICCAACCAAGC7CACTC* CCTAG 


o 


56 




57 






- i * t_*o 


• Is 


EP 0 550 400 A2 


v 
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1L. Synthesis of Hutnon IgCl Cents 
e Human IgGl Heavy Choin Structure 
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FIG. 5 
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FIG. 6 


A. Synthesis of Humon IgX Genes 
a Human IgK Light Choin Structure 
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